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Indicating Controller 


... the first instrument of this type 
that does not employ a motor or 
other continuously moving parts. 


By employing a beam of light, a mirror galvanometer and 
phototube, the same electronic system which has been so 
successfully utilized in the CELECTRAY design since the early 
thirties, now makes it possible to offer the simplest Pneu- 
matic Potentiometer Controller ever presented to industry. 


AVAILABLE IN FOUR MODELS 


1. On-off . . . 2. Fixed narrow throttling. 
3. Adjustable throttling with manual reset. 
4. Adjustable throttling with automatic reset. | 








Park & Nostrand Ave’s., Brooklyn, N. Y. 











THE HEART of many instruments that measure minute differen- 
tials of air pressure is the aneroid diaphragm. In the use of these diaphragms for the sensitive indication ot 


pressures for aircraft flight and engine control, Kollsman Engineers have developed them to an extraordinary 


degree of reliability and precision. In the Kollsman Sensitive Altimeter, for instance, a reliable indication of 


20 feet of altitude is achieved by a positive diaphragm movement of only .000053 inches at 50,000 feet. Fur- 


ther, this diaphragm is so formed that the logarithmic curve of pressure is translated into an even indication. 
c < 


3s KOLLSMAN AIRCRAFT INSTRUMENTS 


a a PRODUCT OF 





ELMHURST, NEW YORK . GLENDALE CALIFORNIA 
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MOELLER 


@) _—sC— PRECISION 
i INSTRUMENTS 
f= = 


MARINE SPECIALTIES ETC., ETC. 


77 Years of 
DEPENDABILITY 


The lasting accuracy, ruggedness and other 
distinctive features of Moeller instruments 
are the resulf of the thoroughly precise 
and honest way they are engineered. 


MOELLER MERCURY THERMOMETERS 


Extreme Precision Grade: Solid glass etched stem, 
mercury thermometers (nitrogen filled) for determining 
temperatures within a fractional part of a degree. 





Standard Thermometers: Provide laboratory accuracy 
combined with sturdiness. Made of highest grade glass and 
materials. Mercury filled, calibrated for total or partial 
immersion. Types with “Moeller Glass Red Reading Column" 
afford optimum ease in reading. 


Industrial Thermometers: High accuracy is easy to 
read under plant conditions because of “Moeller Glass Red 
Reading Column". Prevents eye-strain. V-shape case with 
less pe furnished in wide variety of forms such as: 
Straight Stem (see illustration above), Angle Form Types, 
Handle-Top Thermometers for use in food processing, gal- 
vanizing, etc., etc. 


Separable Sockets, Extension Necks, etc., 
Thermometer Test Wells—machined from 


etc., available. 
solid bar stock. 


DIAL and RECORDING 
THERMOMETERS 


Made to strictest standards of pre- 


cision, these mercury filled instru- 


ments are calibrated for ranges up 
to 1000°F. or equivalent. Square and 
round cases available. Metal and 
Phenolite cases. 


Write for catalog 


MOELLER — SINCE 1867 —— 
INSTRUMENT COMPANY 


{32nd STREET and 89th AVENUE 
RICHMOND HILL NEW YORK 


Sales Representatives in Principal Cities 
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)WARD BAUSCH, Chairman of the Board of the Bausch & 
il Co., died on July 30 at the age of 89. A son of 
hn Jacob Bausch, one of the founders of the company, he early 
| in optical design as well as executive ability, won 
y honors from scientific and engineering societies. \ 


Opt: 





st four months, great events 
rhaps made the majority of 
ts readers forget the auto- 
rol “mystery” reported on 
last March: a friend’s claim 
e made a thermoregulator with a 
dead-zone maintain a labora- 
to +0.003°F. by a new 


e pe 


bath 


rethod of control (undisclosed). 
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9 
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usses 
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iveness 


Captain 
Branch, N. J.) formerly with Shell De- 
elopment Co. where he helped design 
igh-precision viscosity-bath control 
ystems 


aths Ww 


unforgetting minority is an en- 


husiastic one, to judge from their let- 
rs. Four 


deserve honorable mention: 
C. J. Penther (Long 


(0.01°F. max. gradient) and 


yrid’s fastest high-sensitivity di- 


t-pen strip-chart recorder, encloses 
lescriptions of these, lay stress on 
proper 


stirring and concludes: 

ieve that many builders of “‘perfect” 
suld be much surprised and greatly 
jinted if they made a temperature 
of their equipment with a really sen- 
rh-speed thermometer and recorder. 


Samuel E. Pond (Thompsonville, 


denies his pals’ rumor that he 
hero of my March editorial, dis- 
static and dynamic sensitiveness- 
thermoregulators and concludes 
arely are manufacturers’ sensi- 
ratings “too conservatively 


reported or improved by the arrange- 
ment in the circuit or scheme.” 


os 


pines 


fred S, Trask (Richmond, Va.) 
that the answer may be 


a bath utilizing the constant temper- 


ature 


If the 


e juilibri 
Within 1 
perature 
properties 


liquefie 


propos 


of a melting or freezing metal! ... 


bath is maintained in solid-liquid 
im, the heat supplied may vary 
ither wide limits though the tem- 
of the bath is unchanged—the 
of the variable proportion of 


d material being utilized for control. 


4. C. 


L. Milton, Jr. (Akron, Ohio) 
es the Gouy prime-relay princi- 


1,9 é ° 
pie* as a possible explanation. 


Oth« r 
highly-refined prime-relay mechanisms,- 


prime 


remain 


are ( 


bulb: 


(1) A 


writers likewise mentioned 


relay electron tubes, etc. The fact 
s that the relays, valves, etc., 


MMANDED by the _ controller’s 
a large-diameter bulb or thick 


nderson, Review Scientific In- 
ts, Dee. 1930. 

‘riginal disclosure in Journal de 
e in 1897; good description by Fair- 
Instruments, Dec. 1937. 


of 


struments 


THE MAGAZINE OF 
Measurement 


and Control 


All of us instrument-users mourn the sudden loss of two eminent instrument-makers. 
EDGAR HIEL BRISTOL, President of The Foxboro Company, 


died on July 24 at the age of 73. Possessed of extraordinary me- 
chanical skill, he first served as production manager of his father’s 
instrument company, then in 1908 withdrew with his brother to 
organize the firm which in 1914 became The Foxboro Company. 


Echoes of the Automatic-control “Mystery” 


ceramic well imposes a limit to the con- 
troller’s sensitiveness —a limit which 
the perfection of its other parts cannot 
reduce. Mr. Milton’s letter shows an 
awareness of this fact; some other 
writers ignore it utterly. The fault may 
have been mine, because I printed in 
full my friend’s challenge of my slogan 
that “no controller is better than 
its primary element” but did not re- 
print any of my own texts and diagrams 
explaining what this means. Here, then, 
is one of my old preachments: 


Thermometric lag is a common source 
of serious error in industrial tempera- 
ture measurement and control. It is a 
source of error in measurement because 
it means that the temperature of the 
primary element is never the same as 
the temperature of the medium—except 
momentarily when the curves cross... 

Primary-element lag makes close con- 
trol impossible ... Reasons summarized 
in three slogans: (1) NO CONTROLLER IS 
BETTER THAN ITS PRIMARY ELEMENT. (2) 
THE CONTROLLER IS ALWAYS TOO LATE 
WITH TOO LITTLE—FOLLOWED BY TOO 
MUCH—CORRECTIVE ACTION. (3) DEAD 
TIMES MEAN DEAD ZONES. 

Newton’s Law of Cooling an over- 
simplification of what really happens 
in... @ primary element which is not 
a single elementary part but a mechan- 
ical structure ... complexity ... struc- 
tures characterized by lag curves with 
“delayed start” and “delayed end”... 

One correspondent wants me to take 
back my “slur” on the Beckmann ther- 
mometer, “the world’s most accurate.” 
It isn’t a question of intrinsic accuracy 
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but of relatively slow response dye to 
large bulb diameter. Instead of taking 
back anything, I re-word my March as- 
sertion as a new general principle: 
The lag of the primary element of a 


thermometer used for checking the ef- 
fectiveness of a controller must be 
smaller than (preferably one-third of) 
the lag of the controller’s primary ele- 


ment. The circulation past the test- 
thermometer bulb must be as fast as 
]* | J* Thermometric Lag Nomographs 
{ i‘ 4 Series I. Bare-bulb thermometers 
} Group A. Most favorable conditions 
| | (rapidly-circulated aaer) 
+i8 2 No. 1. Three common types, by diameter, to 
99% of change (M.F. Behar,” “Temper. 
4 ature Measurement and Control” 1932), 
exponential law, no Ageved start. 
Probable Accuracy: 0.0 
Tey] 0 (N . i Samples) 
Ste | 
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if wv . ‘ +48 
r © AS an example of the relation of 


a bulb diameter to response, a %” 
/ 
Lo o m ercury-in-steel bulb takes about 
& times as long as a %” 
q z buib to reach a given percent of 499 
4 final reading Add about one 
second for normal delayed start 








the circulation past the controller pri- 
mary element. The _ test-thermometer 
must be of a design and construction 
which exhibits neither the “delayed- 


start” effect nor the “delayed-end” effect. 


This principle—re-worded to suit— 
should be adopted by scientific and 
technical bodies and widely published, 
to end a source of confusion which 
makes good friends argue endlessly— 
sometimes pointlessly! I intend to re- 
lease, within a few months, thermome- 
tric-lag charts and other data I have 
been accumulating for years, which 
may enable workers to spot unsuspected 
error sources not only in “fine” work 
such as laboratory baths but also in 
large furnaces, stills, etc. —MFB 
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ESCRIPTIONS of all the auto- 
D matic instruments in all depart- 

ments of The Glenn L. Martin 
Company would fill a large book. Some 
of those used for RESEARCH and 
DEVELOPMENT have already been de- 
scribed in Jnstruments.* Practically all 
those used for making PRODUCTION 
PROCESSES automatic are already well- 
known to Instruments readers. How- 
ever, for automatizing INSPECTION and 
TESTING, some entirely new methods 
have been devised. In this brief article 
we shall deal only with automatic 
devices developed by employees of this 
Company. 


*See in particular “Measuring the Elastic 
Airplane” by W. E. Bender, Jr. Instruments, 
pages 96-97, 140. 


April 1942, 


By NILS H. LOU, Factory Manager and C. G. STEPHENS, Inspection Manager 
The Glenn L. Martin Co., Baltimore, Md. 


I—CONTROL-CABLE TESTING 

Thanks to an automatic device devel- 
oped by employees in the Electrical 
Department of Army Division, control 
cables for the B-26 Marauder and other 
Martin bombers are now being tested 
for proof load in half the time pre- 
viously required. Not only does the new 
method eliminate many manual oper- 
ations, but in addition it permits the 
testing of several cables simultaneously. 

Under the old set-up the cable was 
inserted in the machine and the machine 
placed in fast forward motion to re- 
move all slack. The operator then 
shifted gears, reducing the speed to %” 
per minute until the proper tension 
was reached and the machine stopped. 
Next he waited for the time interval 





Fig. 1. 


General view of automatic proof load testing machine developed by employees of 


the Electrical Dep't, which makes it possible to test as many as four cables simultaneously. 


Fig. 2. Pilot lights on this indicator panel 
keep the operator fully informed of the 
progress of the test throughout the cle of 
cable testing operations, and permit him to 
devote his time to other work. 


Page 464—Instruments—Vol. 17 





Fig. 3. This electrical set-up automatizes the 
operations of the control-cable testing ma- 
chine by means of relays and limit switches. 
Since introduction of the new device, cable- 
testing time has been cut in half. 


Employee-designed Robots at Glenn L. Martin F int §- 











required by government s; 
reversed the machine and, 
removed the tested cable. 
arrangement cables had 1 
one at a time. 

Under the new arrangeient (g 
Figs. 1, 2 and 3) all the op rator hy 
to do is put the cables in } ace, gta 
the machine in motion, and remove t 
cables after testing with all er ope 
ations being handled automatically } 
a system of electrical relay and lin) 
switches. Pilot lights on a special pang 
indicate the progress of the machiy 
throughout the entire cycle, leaving th 
operator free to assemble turnbuckla 
and prepare additional cables for tes 
ing, an operation which was recent} 
speeded up by the introduction of 
rotary airgun to assemble a1 
the turnbuckles. 

The new testing set-up has a load 
capacity of 25,000 lbs. and the numbe 
of cables which can be tested simul 
taneously is limited only by t! 


1cation 
ally, 
th th 

Teste 


removg 


proo 
load required for the various types o 
cables. These range from 288 lbs. fot 
Ye” x7 stranded construction t 


17,100 lbs. for %g” 7x19 stranded con 
struction. Proof load is equivalent t 
60% of breaking strength. 

The actual operation of the new con 
trol is as follows: After placing the 


cables in position, the operator puts thd 
machine in rapid forward motion by 
pressing a button. When the cable be 
comes taut a relay is opened, automatic 
ally reducing the movement to slovw 
speed. As the required tension i 
reached, the machine stops and a sec 
ond relay starts a timing device. This 
in turn opens another relay after the 
required interval has elapsed, which 
reverses the machine and slacks off on 


the cables. 

Finally, the machine is automatically 
stopped by a limit switch after it has 
moved far enough to permit easy re 
moval of the cables. 


Adjustments are provided pre- 


regulating the amount of tension and 
the time interval! for which load 
is sustained befere the tension 18 
slacked off. The former can be varied 
from the number of pounds nee!ed for 
the smallest cable to 25,000 , the 
capacity of the machine. The latter is 
adjustable to meet requirements rang: 
ing from 3 seconds to 3 minutes depend- 
ing on the type of cable and connec 


tions being tested. 

In addition to this device wh 
cut cable testing time in half wh 
maintaining the same high standards 
of safety, additional changes prompted 
by employees in the Army DP visio 
Electrical Department have raisod the 
overall department efficiency 2° % 4% 
compared to former established time 
standards. 
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\NE CIRCUIT ANALYZER 
t Analyzer shown in Figs. 


[J—All 
The Cit 







5 and (© has already brought about 
rings of 2,800 man-hours in the in- 
section B-26 Marauders, while 
lar U are being used to bring 
aut con arable savings on other 
artin bo: bers. It was designed and 
it by for inspectors in Army Divi- 
pn: Joseph M. Aldrich, Jr., Willard 
Matso:. James D. McCallister and 
erbert I’. Morawe. 

The Ci cuit Analyzer is a compact 
srtable t containing equipment for 
sting evcry wire and piece of elec- 


pment in the airplane, yet 
ugh to permit modification 
led to meet engineering 
anges. Since operation of the unit 
msists solely of plugging into the 
prious circuits of the airplane, its use 
bakes it possible for a woman with 
p experience to perform tests formerly 
quiring an experienced electrical in- 
vector and achieve perfect results in 
fraction of the time previously re- 
ired. 

While the Aldrich-Matson-McCallis- 
er-Morawe device was originally de- 
igned for the B-26 Marauder, the 
iruit Analyzer principle is_ easily 
daptable to any make of airplane— 
m fact, the Martin Company has al- 
eady made up Cireuit Analyzers for 
esting the electrical systems of the 
PBM-3 Mariner and other Martin 
ombers. Similarly the use of the de- 
ice is not confined to manufacturer’s 
mspection, and the same units can be 
ped by service mechanics on the flight 
ine to locate and isolate troubles. 

The B-26 Circuit Analyzer is de- 
signed to actively test the wiring of 
he airplane section by section at a low 
yltage (4 volts) for continuity before 
he fuselage is spliced. It is designed 
and operate all operational 
nits and the lighting systems at their 
required voltage. The check so supplied 
se and significant whereas pre- 
viously the system was merely checked 
for ground and bonding with little con- 
inuity check and no checks at all on 
he installed equipment. Yet the pre- 
ious method took two experienced in- 
pectors eight hours to inspect one air- 
plane as compared to two hours for the 
ircuit Analyzer method. 

Among the many tests that can be 
made with the Circuit Analyzer are 
thecking continuity of all wires in the 
interphone system and the proper con- 
nections in every interphone box; 
checking continuity on every wire, 
switch and light in the interior lighting 
system, lighting all lights if necessary; 
testing and operating all bells and 


ical eq 
exible ¢ 
then ni 


test 


$ prec 


horns; and testing all door switches. 

Mor specialized tests handled with 
the same compact unit include making 
continuity tests of every switch, in- 
cludine the propeller control circuits 
on the engine control pedesta! panel 
and pedestal; completely testing the 
bomber’s switch panel, operating each 
and every signal light both separately 
and in salvo, and checking rack selec- 


tor switches for proper connection and 
operation; testing the Autosyn and 
Liquidometer systems and the gun fir- 
ing and gun circuits; testing and oper- 
ating windshield wiper motors; testing 
landing gear position and _ locking 
switches, and testing and running all 
anti-icer, de-icer, fuel transfer and 
booster pumps, among other aircraft 
equipment. 

Every main wire that runs to a 
switch or some piece of electrical equip- 
ment is tested by the use of cable runs 
connected to the test set, and other 
ends having Cannon plugs or terminals 
to connect to the plugs or terminals in 
the section. Wires that cannot be 
tested in this manner are tested on a 
separate circuit using a point-to-point 
continuity test with lights and buzzers 
in the circuit. The bomb system and 
the auxiliary boxes on all bomb racks 
are tested and operated from the 
bomber’s circuit plug by an adapter 
circuit that works into the bomber’s 
circuit in the test set. 

The new Circuit Analyzers have 
been in use at the Martin Company for 





nearly a year and in addition to saving 
12,300 man-hours in the inspection of 
the B-26, have lopped off many further 
man-hours formerly spent in rework 
of defective equipment and wiring. And 
over and above this, they have pro- 
vided a safe, sure method of testing 
electrical circuits in which both fire 
hazards and the possibility of error are 
completely eliminated. 


III—HARDNESS CERTIFIER 


A mechanical device for testing and 
automatically certifying the hardness 
of sheet metal parts, designed and built 
by Adolph Vlicek, Jr. of the Inspection 
Department, has saved more than 1,050 
man-hours during the last eleven 
months, and even greater savings are 
expected in the near future as addi- 
tional units under construction are 
placed in operation. An estimated three 
million parts have passed through the 
original machine during the first eleven 
months of operation at an average 
saving of 1% seconds per part over the 


methods previously used. 


a ee 


. riukid 


Fig. 4. The Martin Circuit Analyzer and its four inventors. Left to right: J. D. 





McCallister, 


H. R. Morawe, W. A. Matson and J. M. Aldrich, Jr. 


ELECTRICAL TE 
4 A) 
EQUIPMENT T 


Fig. 5. Outside view 
of Circuit Analyzer. 





Fig. 6. Inside the Circuit Analyzer, showing some of the test 
circuits used to check electrical systems in the B-26 Marauder. 
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Known as the Martin Hardness Certi- 
fier, the new machine (Fig. 7) was 
invented by Inspector Vlicek not pri- 
marily as a time-saver, but as a means 
of increasing accuracy in certifying the 
hardness of aluminum alloy parts. Pre- 
viously these parts were tested with a 
hand tester and the operator had to 
read a dial. He took about twenty 
readings a minute, and at this speed 
there was always the possibility of his 
reading 80 (the low limit for ST condi- 
tion) when the needle actually read 
only 60 or 74, indicating an SO or SW 
condition. Another limitation of the old 
method was that after the parts had 
been tested, the operator had to take 
a hammer and die and stamp each part 
both with his personal stamp and a 
heat treat stamp certifying its true 
hardness. 

With Vlcek’s Hardness Certifier, the 
testing and stamping operations are 
combined and automatized, completely 
removing all possibility of accidental 
error. The machine is set for the thick- 
ness of the material and the minimum 
satisfactory hardness (80 in the case 
of ST aluminum). Parts are then fed 
under the indenter point of the hard- 
ness tester unit which moves up and 
down at the rate of 43 times per minute 
—the machine could be geared faster 
or slower, but the 43 per minute rate 
has been found most satisfactory in 
practice. If the part measures up to the 
specified hardness, an_ electrically- 
operated plunger automatically stamps 
it with both the inspector’s and the 
hardness stamp. If it is too soft, the 
plunger remains inactive and the part 
cannot possibly be certified. The entire 
operation is automatic, and could, in 
fact, be performed by a blind operator. 
Both the visual reading of the hardness 
tester dial and the hand stamping of 
parts are completely eliminated. 

The Hardness Certifier, itself, con- 
sists of a flat-topped base member 
which serves as a working table on 
which the parts to be tested are placed, 
an upright support rigidly secured to 
the base and an arm supported by the 
upright which affords a mount for the 
stamp mechanism — comprising a 
plunger and an operating solenoid. The 
inspector’s personal stamp and that 
indicating the material are removably 
secured in the plunger. 

Also mounted on the upright member 
is a bracket supporting the testing 
mechanism and the electric motor 
which operates it. This bracket can be 
raised and lowered from or toward the 
working surface by means of a screw 
and crank. A block mounted on the 
bracket carries bearing members, which 
in turn supports a lever on a pin. This 
lever is urged upward by a strong 
spring to hold the follower against an 
eccentric driven by the electric motor 
which forces the indenter point of the 
hardness testing unit mounted on the 
other end of the lever into the material 
under test. 

The hardness testing unit is of con- 
ventional form, comprising tester, in- 
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Fig. 7. Adolph Vicek demonstrates the Automatic Hardness Certifier 


denter point and guard. Contacts are 
secured to the indicator structure and 
wired into an electric circuit which 
includes a transformer connected to a 
source of power, a relay operated by 
the closing of the contacts which in 
turn closes other contacts, and a sole- 
noid energized by the second set of 
contacts which actuates the stamping 
mechanism to mark the material. 


Since the indenter point must be per- 
pendicular to the material, an extension 
is included on the indenter pin which 
serves as a height gage. This is so con- 
structed that when the under surface 
of the extension is in contact with the 
material, the indenter point will be in 
the proper perpendicular position. The 
height gage is adjusted by raising or 
lowering the bracket on which the test- 
ing mechanism is mounted. 


In use, when quantities of similar 
parts are to be inspected, an edge of 
one part is placed under this extension 
and the gage adjusted. The indenter 
point is then raised and lowered by the 
electric motor and the operator feeds 
in and removes the parts. If the part 
is up to the hardness for which the 
machine is set, the contacts close, oper- 
ating the stamping mechanism but if 
the material is not of proper hardness, 
the contacts remain open. 


The hardness tester unit is easily 
removed from the machine to replace a 
broken indenter point. The switch con- 
tact can be adjusted by spacing the 
contacts for various hardnesses. The 
impact of the stamp can be regulated 
by adjusting the soft iron armature 
within the solenoid. If an indenter 
point breaks, the machine will give a 
false reading, but as this is always a 
too soft reading, there is no danger of 
the machine certifying material by 
reason of a broken point. 














Vicek’s original “Hardness Certifie 
was built from scrap parts gatherg 
from all parts of the plant. Sever 
additional machines are now bei 
built in the Martin Tool Manufacturin 
Dept. for use in the Martin plants, ar 
licensing arrangements have been e 
tablished with the York Electric Tof 
Co. under which that company is no 
producing the “Hardness Certifier” f 
the commercial market. 
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IV—RIVET SORTING 






Another useful robot, in the for 
of the automatic rivet sorter shown i 
Fig. 8 saves about $12,500 a 
The Glenn L. Martin Co. It 
other case of necessity moth: 
vention. Long ago Martin p1 io 
engineers had decided that it was fa 
cheaper to let lie those aluminum allo 
rivets accidentally dropped on the floo 
than have riveters take time out 4 
recover them, especially since one 0 
these workers is expected to drive abou 
1,000 rivets a day. Nevertheless, thest 
rivets swept up at the end of a daj 
represented a real problem, fo) thei 
value averages over a dollar a pound 
and some sixty pounds of tie ligh 
metal parts were swept up dally. 

A team of youths had for a long 
sorted rivets by hand, and they ha 
not even been able to pay thei 
From production officials an 8.0.5. wen 
out to Tool Design: “Why ca 
develop machinery to sort salvaged 
rivets?” s§ 

Tool Design did. Most of the sorters 
were sent on to more importa! 
and today the heterogenous c 
of rivets clatter down a littl 
from a hopper, click obliging 
little slots on a wheel and drop 
perimeter with almost human 
















































Fig. 8. The Automatic Rivet Sorter developed by Tool Design. 


anding into just the right box. One 
sreminded of linotype matrices drop- 
lant. Severqmming automatically into their slots. 

> now bein Although the rivet-robot is a versa- 
[anufacturinfmile machine which can toss aside either 
in plants, anfground-head or flat-head (universal or 
1ave been eq@mountersunk, in factory parlance) 
Electric Toqivets and allow the others to run 
npany is nomphrough and separate themselves by 
Certifier” fafengths, there are several simple pre- 
aratory steps. 

In the first place, the floor sweep- 


ness Certifiey 
arts gatherg 


ING ngs comprise, besides the rivets, a 
in the forgammass of screws and bolts and nuts and 
ter shown iqgped shapes of metal. Over this collec- 
0 a year aon is passed an electromagnet which 
It was ammpmatches out the extraneous steel and 
othering igo" material. The residue is chiefly 
: produetia ivets of some 150 different kinds. A 
+ it was faggeeties Of sifters sorts them out for 
minum allog@eameter, in much the same way that 
on the floo pravel is graded. 
Hime out tag 2 each diameter class there still is 
ince one off “ide variance of lengths and head 
ag thapes. Into the five sorters they go, 
ies ae rach sorter handling a different class. 
eer But here Tool Design interposed an 


pptional intermediate step. While the 
ength-sorting unit can also be made 
toss aside either round-head or flat- 
ead rivets while one kind or the other 
s being classified automatically into a 
fozen or so different lengths, it is 
ecessary then to go back and sort 
hose tossed aside. To keep from tying 
mw the robot so long, another device 
~ J"gPparates round-head from flat-head 
vageliirivets at a high rate of speed. 
the head-selector device works 
as fast as the length-selector 
ae for example, 100 lbs. of 
econ 3 2 vets in eight hours, against six- 
trackm™een hours for length selection) the 
Bes whole ob is speeded up by this far 
iT tieisimpler mechanism without increasing 
the cost of doing the work. 
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ir a pound 
F 6the ligh 
daily. 
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In principle, the rivet robot is really 
simple: As the rivets travel, heads up 
and shanks down, along the inclined 
track from the feeding hopper, they 
ride into the teeth cut into the perim- 
eter of the big wheel. A little fixed 
arm in their path can be adjusted to 
knock off either the round-head or flat- 
head rivets into the first of the series 
of small bins ranged around and below 
the perimeter of the wheel. Those 
which are allowed to go through “feel” 
with their shanks for the flaring springs 
below, which will force them off the 
wheel into their proper bins. The long- 
shank rivets fall first as the deeper 
springs catch them, allowing the short- 
er ones to pass through. Then the next 
longest and the next and next fall off, 
until the shortest lengths of all ride 
around to the last bin. 

Where the sixty pounds a day of 
rivets formerly were salvaged at costs 
slightly greater than their actual value, 
they are now sorted at a cost of only 
a few cents per pound, saving annually 
about $12,500 of the $15,500 that for- 
merly was a total loss. 


V. THE “MECHANICAL MOUSE” 


The “mechanical mouse” designed by 
Marvin L. Argabright, General Fore- 
man of the Electrical Tubing and Cable 
Department, is likewise relieving man- 
power shortage. It operates on a 5l- 
foot cable-cutting table, reducing 
fatigue and saving man-hours by per- 
mitting the operator to stand still 
instead of walking and carrying cables 
between measuring and other manual 
operations. 

The “mouse” consists of a pair of 
spring jaws and is attached to a chain 
which runs along the top of the 51-foot 
cutting table and returns beneath the 
table. After swaging, the cable is 
placed in the “mouse” with the terminal 
butting against the jaws. The chain is 
started and the “mouse” travels for- 
ward carrying the cable until it passes 
a stop pre-set at the desired cable 
length. (See Fig. 9) A limit switch is 
tripped, causing the chain to reverse 
until the “mouse” is halted by the stop. 
This flashes a light which signals the 
operator that the cable is in the proper 
position to be cut. 

As he cuts the cable, the shear trips 
another micro-switch, starting the chain 
forward again. The cable is then car- 
ried the length of the table and back 
beneath it. When the “mouse” is about 
three-fourths of the distance back, an 
angle iron spreads the jaws and the 
cable drops into a wooden trough. The 
“mouse” continues on until it trips an- 
other switch which stops it in front of 
the operator ready for the next cable. 

The entire cycle is thus automatically 
controlled and the operator never moves 
from the end of the table. The only 
manual operations are attaching the 
cable, starting the chain and lowering 
the shear. While the cable is being car- 
ried along the table and dropped in the 
trough after cutting, the operator is 
left free to crimp and swage the ter- 
minal on the next cable. 

The stop permits the “mouse” to pass 
only when traveling forward; and stops 
the “mouse” only when it is carrying a 
cable. The trip arm is made of fibre 
except for a metal insert to make con- 
tact with the “mouse.” The jaws of the 
“mouse” are likewise made of fibre ex- 
cept for the cut-out for the cable, and 
insulated against each other when 
empty. The cable itself, when inserted, 
completes the circuit. 
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Fig. 9. The ‘‘Mechanical Mouse’’ 


(For savings in production costs see text) 
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and its Application. 
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UGGEDNESS and simplicity ac- 
R count for the present accepta- 
bility of electronic devices in 
industrial instruments. That they can 
be substituted for mechanical parts 
that wear out, and that rapid opera- 
tion and quick response are easily at- 
tained through their use, are well- 
known facts. But tubes would be of 
little value for industrial instruments 
if they were fragile and capricious. To 
be sure, the phototube (not the photo- 
voltaic cell) is yet to be found useful 
as a calibrated device, and the simple 
vacuum-tube voltmeter is somewhat un- 
reliable, but their capacity for operat- 
ing an unlimited number of times 
without failure is outstanding. 
What determines the useful life of 
a phototube or hot-cathode tube? More 





Fig./ 





a] 














directly, what causes the slow decline 
of electron emission? There is, of 
course, no exhaustion of electrons from 
the cathode, but there is a loss of avail- 
able emitting material. In the photo- 
tube, the sensitive layer of material 
on the cathode is very thin and slowly 
disappears through evaporation and 
chemical action. Good tubes, that is, 
those made with careful control of the 
manufacturing processes, used conserv- 
atively, not overheated (above 160°F. 
approx.) by too intense illumination, 
will last for many years. The more 
sensitive gaseous phototube is the more 
easily injured by slight overvoltage, 
while the high-vacuum tube will with- 
stand voltages far above the minimum 
required. We will find presently that 
the high-vacuum tube in combination 
with an amplifier may be more sensi- 
tive than the gaseous tube in such a 
combination. 

The useful life of a hot-cathode tube 
is determined almost wholly by the 
temperature chosen for operating the 
cathode. The commonly-specified volt- 
age for the cathode heater has been 
selected to maintain the cathode well 
above the minimum temperature re- 
quired to provide maximum emission. 
At such a voltage the tube life is meas- 





*Presented before the Society for Meas- 
urement & Control (New Jersey), June 6, 
1944. 
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ured in thousands of hours—in months. 
Selecting a voltage a few percent lower 
increases the life to tens of thousands 
of hours, or years. This statement ap- 
plies if the heating of the cathode by 
bombardment due to the anode current 
is a minor effect. Now, this lower volt- 
age does not materially reduce the 
maximum emission, but it does reduce 
the margin of safety above lowest line 
voltages, if relatively high anode cur- 
rents are required for normal use. We 
may conclude then, that electron tubes 
used in industrial instruments should 
be operated at conservative values not 
only of cathode temperature but also 
anode current. 
CIRCUITS 

The simplest electric circuit combin- 

ing the vacuum phototube and its ac- 

















































phototube in which we a: 
ested are shown in Fig 
showing, respectively, cur 
electric current versus vo 
stant illumination, and 
versus illumination at const 
there being no external 1 
series in either case. If 
resistance is included, the p 
3 will have less slope, but 
straight provided that the | 
remains beyond the knee of the gy 
shown in Fig. 2. For example, if 
photoelectric current is 1 microamy 
and the series resistance is 100 yy 
ohms, the applied voltage must be y 
over 100 volts. 
The so-called caesium oxide phy 
tube is preferred for use in indust 
instruments because it is sensitive 
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10§ relatively low temperature to give lo 
IT] life. 
if Triode amplifiers are available it 
/ cy P use in the circuit of Fig. 1 which 
A TL amplify the photoelectric current 
much as 200,000 times. The amplilé 
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companying amplifier tube for detecting 
(for example) the light reflected from 
a mirror-galvanometer and thereby op- 
erating a relay or motor, is shown in 
Fig. 1. Here the tubes have a common 
battery, and their anodes are connected 
together. Illumination of the phototube 
causes the amplifier anode current to 
increase because the grid of the latter 
becomes more positive. We will not de- 
scribe the more awkward connections 
in which illumination of the phototube 
reduces the amplifier anode current. 
The principal characteristics of the 














grid-current. (We are not referril 
here to the expensive “electrome 
tubes” having exceptionally 
current, and designed to give a 
measured in microamperes. ) 
conductance, sometimes called 
conductance, is di,/de., the slo} 
straight parts of the curves s 
Fig. 4. The less well know 
current curve for a low-grid curve 
tube is shown in Fig. 5. If this char 
teristic is favorable, high resis‘ ance! 
the grid circuit can be used saf«ly, 
high current amplification obta ned. 
The simple arrangement shown ! 
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hen the alternating voltage is positive 

shown, and a positive grid current 
bws when the voltage becomes nega- 
, This grid current is_ sharply 
mited, however, by the high resistance 
} series, and may be harmless. A 
atively high negative grid bias is 
quired, and as a result the circuit 
ay provide fair self-regulation against 
ranges in line voltage. This circuit 
still faulty in this simple form, since 
e load may seriously upset the phase 
elation between grid and anode volt- 
ges. Before attempting to improve it, 
e may note that response to illumin- 
tion is instantaneous, although there 
ay be some delay in the loading de- 
1¢e. 


INSTRUMENTS USING A GALVANOMETER 


In these, the galvanometer -++ photo- 
be constitute a first stage of amplifi- 







, Mgetion, in which a power amplification 
a f one to two million is easily obtained. 
i369 The circuit used in “Celectray” indi- 
us permitti ating controllers (not self-balanced) 
p source at Me shown in Fig. 7. A capacitor shunted 
e to vive joey the grid resistor has been added. If 
his is small, the response of the circuit 
available flee Usht on the phototube is nearly in- 
+, white a stantaneous; if it is large the circuit 
> current A More damped and will have a re- 
The ampliqge?’™s* 88 slow as may be desired. Thus 
siahn: this dl f the grid circuit is given a time con- 
eae tant of a few seconds and a galvanom- 
ot ter is used having a much shorter 
Rshetroned eriod of vibration, the circuit will not! 
ly low g respond to vibration of the galvanom- 
ve an outome?: The addition of the capacitor 
es.) Trani akes it expedient to add also a grid- 
les it urrent suppressing resistor at the grid 
slope of tmeonnection. Means for keeping the elec- 
let shows rode voltages in proper phase relation 
eee are found in the power supply. 
grid The relay in Fig. 7 can carry ordi- 
this chara@™m’4ry electrie contacts for electric 
esisiance i™PoWer cireuits, or a throttling orifice 
safely, an for pneumatic control circuits. In either 
btained. MEc28e, it constitutes a third stage of 
- shown i@@@™plifcation and, in the pneumatic 


Std celt7—" - 














| Fig.8 


controller, the follow-up mechanism is 
not connected to the primary system 
but follows the light beam from the 
galvanometer. 

A slightly modified circuit, Fig. 8, is 
used in “Celectray” self-balancing in- 
struments. The effect of the addition of 
a resistor in series with the grid capac- 
itor may be briefly described as fol- 
lows: A sudden change in the illumina- 
tion of the phototube causes a sudden 
change in the photoelectric current in 
this added resistor. The change in the 
voltage drop in this resistor is immedi- 
ately imposed on the grid of the ampli- 
fier tube, before the voltage across the 
grid capacitor changes appreciably. As 
the charge on this capacitor starts to 
change, the grid voltage continues to 
change in the same direction, but at 
a much lower rate than at first. In 
the anode circuit of the amplifier we 
find then, for example, that if the light 
on the phototube suddenly increases, 
the anode current jumps to one high 
value and then continues rising toward 
a still higher value. The first value is 
selected to be between the operating 
currents of two relays in the instru- 
ment, which control the motion of the 
balancing motor. 

Suppose that the measuring circuit 
of the instrument is unbalanced and 
that the motor is running to drive the 
index upscale. The galvanometer has 
deflected the light beam off the photo- 
tube and both relays are open (de- 
energized). An “advancing e.m.f.” has 
been applied to the galvanometer so 
that the light beam reaches the edge 
of the phototube before the motor 
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reaches the balance point. As soon as 
light from the galvanometer mirror 
strikes the phototube, the amplified 
current is sufficient to close one of the 
relays. This relay removes the advanc- 
ing e.m.f. from the galvanometer, caus- 
ing it to stop quickly (occasionally 
throwing the beam back off the photo- 
tube), and also applies a braking cur- 


_rent to the motor. If the motor stops 


before it reaches the balance point, and 
the beam swings back off the tube, the 
relay starts to oscillate independently 
it a rate faster than the galvanometer 
‘an swing, while the light beam hovers 
yart on and part off the tube, and the 
motor takes forward steps, until the 
balance point is reached. If the ad- 
vancing e.m.f. is small enough the 
motor may pass the balance point, 
causing the light to remain on the 
phototube long enough for the ampli- 
fied current to increase to the closing 
value of the second relay. This re- 
verses the motor and the balance point 
is approached from the opposite direc- 
tion. Too small an advancing e.m.f. 
will result in hunting, unless the dead 
zone is large. 

A typical potentiometer circuit of 
“Celectray” instruments is shown in 
Fig. 9. Note that in these instruments 
the balancing motor runs at constant 
speed to a substantial balance. Note 
also that the electronic and power cir- 
cuits are neither connected nor coupled 
with the measuring circuit, and act 
coordinately with the measuring circuit 
only through the instrumentality of the 
moving beam of light reflected from the 
galvanometer. These instruments were 
not designed primarily for high-speed 
recording but for simplicity, there be- 
ing only one phototube and one ampli- 
fying tube used, but speed was a natur- 
al consequence of the employment of 
electronic devices, and in most appli- 
cations it is not necessary to use the 
full speed possible in this class of in- 
struments. 


WESTON PHOTOELECTRIC POTENTIOMETER 


A distinctly unique and probably the 
fastest self-balancing potentiometer is 
the Weston. The fundamental circuit 
is shown in Fig. 10. The anode current 
of the amplifier is fed back into the 
galvanometer circuit, and through 
small deflections of the galvanometer, 
acts to control the grid volt- 
age by means of two phototubes 
in the path of the light from 
the galvanometer mirror. The 
two phototubes are connected 
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in a elosed series circuit with two 
batteries, and as one or the other tube 
is illuminated, the grid voltage is shift- 
ed from the positive end of one battery 
to the negative end of the other. The 
electronic circuit is damped somewhat 
by a shunted capacitor in the grid cir- 
cuit so that in combination with the 
double-pivot galvanometer the whole 
system will not oscillate, or hunt. 

The galvanometer by itself has a 
very long natural period of vibration 
and low torque, but in combination with 
the circuit, the anode current supplies 
the effective restoring torque, which 
can be made as large as required to 
give a short period. With proper damp- 
ing the circuit can include either a 
milliammeter or a recording milliam- 
meter such as a Bristol or Esterline- 
Angus. These are available with de- 
flection periods as small as 0.5 second. 

As a potentiometer, the arrangement 
provides for the adjustment of a cur- 
rent in a fixed resistor instead of mov- 
ing a contact along a slide-wire in a 
constant-current system. This fixed re- 
sistor is common to both electronic and 
measuring circuits. While the effect of 
line resistance in the thermocouple cir- 
cuit is negligible, since so minute a 
deflection of the galvanometer is re- 
quired for full-scale operation, the er- 
ror of measurement lies principally in 
the milliammeter. The net result is a 
high figure of merit which combines 
speed and fair accuracy. 

Inasmuch as neither the phototubes 
nor amplifier acts as a calibrated unit, 
the scheme is readily adapted to a-c. 
operation, as shown in Fig. 11. Separ- 
ate rectification and voltage regulation 
are provided, and a pentode is selected 
as amplifier, possibly to fit the high- 
resistance circuits required for current 
measurements. 

The phototubes are the caesium ox- 
ide type, not the Weston photocell. The 
latter can be substituted for a thermo- 
couple and used as a radiation pyrom- 
eter in combination with the Weston 
potentiometer, and these with a record- 
ing milliammeter make one of the fast- 
est arrangements available. 


AUTOMATIC CONTROL 


At this point it will be interesting 
to touch briefly on the subject of 
temperature control as an aspect of 
electronics. Weston suggests the use 
for temperature control of the potenti- 
ometer just described, by feeding the 
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output of the amplifier directly into a 
saturable reactor, for example, to con- 
trol the heating current. The feedback 
to the galvanometer and the potenti- 
ometric effect as arranged in the basic 
Weston scheme are lost in the shuffle, 
however, and we have merely galvanom- 
eter, phototube, amplifier and output 
control current. This is easily ar- 
ranged with the “Celectray” indicating 
controller, should one want to do it in 
this manner. True throttling control 
with no moving parts other than the 
galvanometer results in either case. The 
fly in the ointment is that the equip- 
ment required between instrument and 
electrically-heated unit is usually too 
expensive. The Wheelco or “Celectray” 
throttling controllers of the Gouy type 
require only a contactor. In either the 
expensive or the cheaper scheme, high 
sensitivity is readily obtained, and in 
the latter, there is no instrument dead- 
zone at all. In the former or reactor 
scheme, damping to counteract hunting 
can be included in the amplifying sys- 
tem, as in the Weston potentiometer. 

The motor drive that used to be em- 
ployed to make a controller out of a 
millivoltmeter is no longer required, 
and we now have what we may call 
the millivoltmeter electronic controllers, 
of Wheelco, Bristol and Illinois Testing 

















Laboratories. In these the millivolt 
meter pointer acts, undisturved, tf 
change the amplitude of  radio-fp 
quency oscillations, and operate a relay 
Sensitivity to quite small deflections o 
the pointer is attained, with little if 
any risk of instability of the oscillator 
which has only to furnish a few watt 
steady output. The scheme is essentially 
an electronic relay, and we 
include further details. A typical cir 
cuit, that of the Bristol Electronid 
Controller, is shown in Fig. 12. 
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INSTRUMENTS USING A SYNCHRONOUS 
VIBRATOR 


The question was asked many years 
ago: Why not amplify the current 
from a thermocouple and use a less 
sensitive galvanometer or none at all’ 
Early attempts were made and some 
patents granted, but so far find 
no successful means for keeping direct: 
current amplifiers sufficiently stable, 
and at the same time sensitive enough 
to start with a few microvolts. One of 
the earliest successful solutions of this 
problem is found in the Leeds & North- 
rup “Speedomax,” in which the thermo- 
couple circuit includes a carbon-micro- 
phone modulator driven at line fre 
quency, for conversion to a.c. Referring 
to Fig. 13, the a-c. component 
current flowing in the thermo 
circuit when the potentiometer is ur 

balanced, is amplified and 
into a push-pull trans 
connected to the grids 


we 


yf the 


-ouple 























thyratrons. The anodes 
these are directly connected 
two field windings of a series 
commutator (d-c.) n 
which drives the contact 
slide-wire potentiometer. 














With the items s 
described, rapid balanci! 
the potentiometer woul 
be possible; on the ot! 








110 VOLTS 
60 CYCLES 








w balancing and a large 
which the motor could 
yp would be necessary. The 
na] reason for this is that motors 
ive poor speed-torque char- 
and thus it is impractical 
t the a-c. amplification at 
value such that the output 
iplifier will gradually de- 
Fease, slowing the motor at the cor- 
distance from the balanced 


INS Kop 


So ad 
me low‘ 
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pspondit 
ndition 
The amplification is kept high enough 
that a few microvolts of unbalance 
f the potentiometer results in full 
tput of the thyratrons and full torque 
n the motor. It is readily apparent 
hat if the a-c. component in the 
hermocouple circuit is adjusted to be 
phase or 180° out of phase with the 
yratron anode voltage, only one 
wratron can be fired at a time. 
‘hich one is fired is determined by the 
larity of the dc. in the thermo- 
uple circuit, reversal of which 
hanges the phase of the a-c. compo- 
bent 180°. 
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UNIT . 
The anti-hunting (damping) scheme 
ised in the “Speedomax” is to drive a 
ic. generator on the same shaft with 
the millivoltfilfhe balancing motor, and feed back the 
























ndistur ed, tf 

of radio-fy 
perate a relay 
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enerated d.c. into the thermocouple 
ircuit, in such a direction as to oppose 
he thermoelectric current. Suppose 
hat the potentiometer is suddenly un- 


With little ifffalanced. One of the thyratrons will 
the oscillatorfilfmmediately fire and start the motor, 
a few wattdilivhich speeds up until the generator 

© 1S essentially™utput reduces the d.c. in the thermo- 

| we will noiflectric circuit to zero, and then re- 


A typical cir 
ol Electronid 
‘ig. 12. 


verses it. At this moment the one 
hyratron goes out and the other fires, 
utting full braking torque on the 
otor. A nicety is found in designing 
he generator to produce an emf. pro- 
portional to the square of the speed, 
that the energy made available to 
stop the motor from the maximum 
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1 many years 
the current 


d use a less . : 

Pome a at peed reached will be proportional to 
i and fore he amount of unbalance. It follows 
far we find hat there will be a strong tendency 


for the motor to stop at the balance 
point, instead of overshooting or stop- 
ping short, and thus faster balancing 
can be attained because there will 
always be the required minimum of 
braking energy available. Essentially, 
the balancing system is critically 
damped, in the ideal case, and a little 
overdamping required for avoiding any 
tendency to overshoot under adverse 
conditions is obtained by increasing the 
feed-back from the generator. 


eping direct: 
ently stable, 
sitive enough 
volts. One of 
tions of this 
ds & North- 
the thermo- 
arbon-micro- 
it line fre 
c. Referring 
ment of the 












hermocouple 

1eter is ur There has recently appeared another 
ied and fed MM Self-balancing potentiometer, similar in 
transformer J/™S°me respects to the Speedomax but 
rids of two designed for lower speed. This is the 
anodes of "ew Brown “Electronik” recorder in 
onnected to MM Which, referring to Fig. 14, we find in 
of a series (the thermoelectric circuit a synchro- 
.) motor, MP ously-driven vibrating switch, for re- 
itact of the MB Versing the thermoelectric current 
eter. through two halves of a center-tapped 
's so far fi transformer to obtain an alternating 
lancing of MP Vvoltage which is then fed into the 
would not amplifying system. The permanent 
she other J magnet shown in this switch functions 


with the a-c. coil to give 60-cycle vibra- 
tions. As before, the generated a-c. 
voltage is in phase or 180° out of 
phase with the supply voltage, and the 
current is proportional to the d.c. re- 
sulting from unbalance of the poten- 
tiometer. The alternating current is 
amplified (3 stages voltage, 1 stage 
power) as indicated and is used to 
govern the balancing motor. We find 
this motor in Fig. 15, a two-phase in- 
duction motor, one field winding being 
connected to the supply line and the 
other to the last or power stage of the 
amplifier. Here are a pair of vacuum 
triodes, and it is apparent that their 
output varies with the amplified a-c. 
voltage. Since their anodes are connect- 
ed in push-pull and their grids con- 
nected together, that one of the two 
tubes will deliver power, whose anode 
voltage is in phase with the amplified 
a.c. The half-wave pulses from this 
tube are smoothed by capacitor C;, and 
an alternating voltage appears across 
the reversing field of the motor, in 
phase or 180° out of phase with the 
supply voltage. Capacitor C2 serves to 
advance the phase of the voltage on the 
other field by 90°. Hence the reversing 
field leads or lags the other field by 90° 
and the motor runs one way or the 
other accordingly, until the potenti- 
ometer is rebalanced. As the balance 
point is approached, the output from 
one of the power tubes decreases, and 
that of the other increases, until at 
balance the outputs are equal with no 
signal on the grids, and the motor has 
slowed down and stopped. An adjust- 
ment is available in the voltage ampli- 





fier for matching the amplification 
with proper damping of the rebalanc- 
ing operation, so that this will come 
about promptly without overshooting. 

In Figs. 13 and 14, showing circuits 
of the “Speedomax” and “Electronik” 
recorders, electrical shields for the 
measuring circuits are not shown. 
These shields are essential because the 
circuits are electrically coupled to the 
primary stage of the amplifiers, and 
thus can act as electrical pick-ups of 
ambient fields. 

The special adaptations of the 
““Speedomax” and “Electronik” systems 
to the rapid recording of a large num- 
ber of temperatures is beyond our 
present scope. The former is fully de- 
scribed in the paper “High-speed Mul- 
tiple-point Potentiometer Recorder” by 
Stein, Williams and Clark, presented 
before the ASME last December and 
printed in the January Instruments. 
This instrument was designed for re- 
cording the temperatures of 140 
thermocouples in less than 4 minutes, 
or 1.63 seconds per couple. 


ELECTRONICALLY-BALANCED A-C. BRIDGE 


One of the most important articles 
found in the recent Temperature Sym- 
posium of the American Institute of 
Physics is “Thermoelectric Thermome- 
try,” by Wm. F. Roeser, on the meas- 
urement of temperatures with thermo- 
couples. The background of this title is 
the present extensive use of thermo- 
couples for measuring temperatures 
below a red heat. To be sure, resistance 
thermometers are not on the other 
hand extensively used as pyrometers, 
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TI 
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Fig. 16 AMPLIFIER — 
but nevertheless we feel justified in Pigtail Connection 
including the electronically - balanced to Rotor 


a-c. bridge used with a _ resistance 
thermometer as in the Foxboro Elec- 
tronic Recorder. A simplified functional 
diagram of this instrument is shown 
in Fig. 16. The bridge is supplied with 
low-voltage 1000-cycle a.c. and the un- 
balance voltage is fed directly to the 
amplifier. The synchronous vibrator is 
of course missing, and the problem of 
amplifying is benefited by use of an 
audio frequency instead of 60 cycles. 
The problem is also eased somewhat by 
the fact that the resistance thermome- 
ter can be operated at a large fraction 
of a watt, so that the unbalance voltage 
may be large compared with that 
found in the potentiometer and thermo- 
couple circuit. Here, the amplifier oper- 
ates a solenoid motor which is at- 
tached mechanically both to a variable 
capacitor in the bridge and to a record- 
ing pen-arm. The essential mechanical 
features are shown in Fig. 17, in 
which it is found that the damping or 
anti-hunting device is a hydraulic dash- 
pot holding a liquid of low temperature 
coefficient of viscosity. 


Regarding this recorder as a control 
mechanism, its basic method of oper- 
ation is throttling or corresponding 
control without reset, and in this re- 
spect it differs from the recorders de- 
scribed above and resembles the Weston 
Photoelectric Potentiometer. This 
means that a slight residual unbalance 
of the bridge is required to hold the 
solenoid motor away from its position 
of mechanical balance. This residual is 
very small, and balance may be de- 
scribed as complete because of the high 
amplification found in the electronic 
system. Since the highly-amplified un- 
balance signal is returned to the bridge 
as a restoring motion of the variable 
balancing capacitor, adequate damping 
is required to prevent oscillation of the 
motor. The speed of balancing is prob- 
ably of the same order of magnitude as 
that of the recorders described above. 


The electronic problem is again that 
of detecting a phase reversal according 
to the direction of unbalance and am- 
plifying the signal. Referring to Fig. 
16, the alternating potential of point 2 
in the bridge is 180° out of phase with 
point 4. Unbalance results in a poten- 
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of bypass capacitors, Rect, 
plies the power stage, a 
oscillator. 
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In the strip mill, one 3 
time back a “Speedomax” . the 
mocouple receiver, used as diatio 


pyrometer. While a discus 
type of radiation receive 
the scope of electronics, th: 
photovoltaic cell or blockin; 
as part of a radiation py 
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“Photronic” cell, which W: 
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The characteristics of thi 
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phase with that of 2 or 4 
depending on the direction 
of unbalance. 

The complete electronic 
circuit is shown in Fig. 18. 
The signal is received by 
the pentode V; and is 
amplified through three 
resistance-coupled stages to the phase- 
reversal detecting tube V3 whose out- 
put drives the power stage V4. V5 is 
an oscillator supplying 1000-cycle volt- 
ages to the bridge and to the plates of 
V3. The amplifier is stabilized by the 
use of negative feed-back through Co» 
and Rs, and the plentiful employment 
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Oscillator output coils 

to measuring circuit 
are (1) spectral sensitivity sim 
that of the human eye, (2) raj 
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ETRY 
d ol 
@ they 
adiatio 
of th XXIII. TUBES AND THEIR CLASSIFICATION 
Outsi¢ 
ata In 1920. slightly more than two decades ago, there was 
er oa virtually only one type of thermionic tube in commercial 
eter yse. This was the simple triode, used primarily in telephone 
is york and in the simple wireless telegraph and telephone 
N Ocal receiving and transmitting sets of the day. it was made in 
cell.” MB only a few sizes and was rather fragile in its construction ; 
hotocelimmit was easily damaged and not always stable in its per- 
OMetyygam formanc 
"BB it is difficult to give with any degree of accuracy the 
number of types of tubes available today but in the current 
aition (1944) of the American Radio Relay League, Radio 
Amateur’s Handbook, there are listed almost 800 different 
types of electron tubes! This, as nothing else can, indicates 
the astonishing progress made in our knowledge of and 
application of electronics. Today there are available tubes 
in every variety of size and for every conceivable purpose. 
There are small tubes, large tubes, glass tubes, metal tubes, 
air cooled tubes, water cooled tubes, high vacuum tubes, gas 
fled tubes, phototubes, cathode ray tubes, mercury pool 
tubes, cold cathode tubes—tubes ranging in size all the way 
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from the FP 54, capable of measuring a flow of 60 electrons 
yer second to water cooled giants such as the AW 220 which 
aan dissipate 125 kilowatts at the plate at normal rating. 
In short, there are no end of tubes. 

The price of the standard 01 A amplifier tube in 1921 
was $7.00. Today this tube is listed at 33 cents and until 
all tubes for civilian use became scarce, one could shop 
around and buy them for even less in the so-called drug 
stores, and at lunch and cigar counters for even less. Many 
of the standard receiving tubes retail for less than a dollar. 

Until about ten years ago, all tubes except the water- 
cooled units used for high-power radio transmitters were 
made of glass. Today tubes, even in the smallest size, are 
made either of glass or of metal and all tubes whether of 
glass or metal are rugged enough to withstand almost any 
industrial application. This has been true for at least a 
decade but it is only since the war that industrial engineers 
are beginning to accept the electron tube’s ruggedness. 

The tremendous number of tubes available today is likely 
to appall the neophyte in electronics who wants to pick out 
the most suitable tube for a particular purpose. Apart from 
their number available, many tubes have quite similar 
characteristics and unless one is more or less familiar with 
the particular advantages or limitations of certain tubes, 
the abundance of types available is likely to be more of a 
detriment than an advantage. 

In this article, therefore, we shall consider, somewhat 
informally, the various types of tubes available and the 
methods by which they are classified. The situation is not 
as complicated as it appears. True, there are a large num- 
ber of tubes available but there is a great deal of duplica- 
tion between different cathode-voltage groups so that actu- 
ally there are not as many different kinds of tubes as might 
appear from a first impression of tube listings. For exam- 
ple, the 01 A triode amplifier which was one of the first 
tubes to go into standard commercial production, has a fila- 
ment cathode operating at 5 volts, a plate voltage of 90 to 
135 volts, a grid bias of —4.5 to -9.0 volts and a mutual con- 
ductance of around 110 micromhos. Close inspection of tube 
data tables will reveal that there is another tube available 
with practically the same characteristics except that the 
filament voltage instead of 5 volts is 2.0 volts. This is the 
type 30. In other words, the 30 is the counterpart of the 
01 A in the 2-volt battery tube classification. 

Further inspection of the tube data tables will show that 
there is still another tube available with the identical char- 
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acteristics of the 30. This is the 1H4G, a 2-volt battery tube 
with an octal base. 

To one whose knowledge of electron tubes is based largely 
upon what has been published in these articles, all this, no 
doubt, is very mystifying; octal bases, mutual conductance, 
cathode-voltage groups, battery tubes, etc., what is the 
meaning of all these terms? Very few of these terms have 
been covered thus far, but they are easily explained. 

The classifications of tubes as they exist today are not 
perfect but in the nature of things they are not bad and 
considering the rapid development of the art, the standardi- 
zation is quite remarkable. Whatever lack of standardiza- 
tion exists today is due only to the extremely rapid develop- 
ment of the art. 

Neglecting those early tubes which were built for rela- 
tively high power radio transmitting purposes, practically 
all of the first tubes had a simple filament cathode oper- 
ating at 5 volts. This was approximately the voltage of the 
average storage battery. Shortly afterwards a few tubes 
were developed with filament voltages of 3.3 volts, suitable 
for operation from two dry cells. All these tubes were suit- 
able for use only with a direct-current filament supply and 
they were all of the directly-heated cathode type, that is, 
the filament itself was the cathode. 

The next development was the alternating-current type of 
tube, tubes capable of being operated from an alternating- 
current filament supply. For this, with directly-heated 
cathodes, a low filament voltage was necessary, and so, a 
line of 2.5-volt tubes was developed. 

As explained in an earlier article* cathodes are of two 
types, directly or indirectly heated. When directly heated 
cathodes are operated on alternating current, the cycle 
variation of the current and voltage causes electrostatic and 
eleetromagnetic effects which vary the plate current of the 
tube at the supply frequency (in most cases 60 cycles) and 
thus produce a hum in the output when used in radio-re- 
ceiver circuits. The electrostatic and electromagnetic varia- 
tions are reduced at lower voltages and so the first so-called 
a-c. tubes had directly-heated filaments operating on 2.5 
volts. A more effective way of reducing the hum, however, 
is by the use of an indirectly-heated cathode, consisting of a 
thin metal sleeve or thimble, coated with electron emitting 
material enclosing a tungsten wire which acts as a heater. 
The heater brings the cathode thimble to the proper tem- 
perature to cause electron emission. This type of cathode is 
also known as the equipotential cathode, since all parts are 
at the same potential. Ordinarily, the cathode is not electri- 
cally connected to the heater inside the tube, the terminals 
of the two parts being brought out to separate base pins. 

The development of the indirectly-heated cathode, or 
heater type cathode as it is known, eliminated the necessity 
for low filament voltages, and most of the tubes using this 
form of cathode were designed for use with a 6.3-volt fila- 
ment supply. Today, except for a few special types, prac- 
tically all radio receivers are constructed for operation from 
alternating current using tubes having 6.3-volt cathode 
ratings, this voltage being regarded as standard. There is 
also available a standard line of battery tubes for opera- 
tion at 2 volts. Nearly all of these have directly-heated 
cathodes. 

In recent years tubes with filament voltages of 12, 25, 35 
and even 50 volts have made their appearance. They are 
widely used in the small, miget type, transformerless radio 
receivers. They are wired in series so that all the tubes in 
a set will have a total voltage drop of 110 or 115 volts and 
thus, they can be operated directly from the 110-volt supply 
lines without the use of separate filament transformers. 


n (Continued on page 492) 





*June 1943. 
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PRACTICAL COLOR PHOTOPTOMETRY 


By RAYMOND JONNARD, The Warner Institute for Therapeutic Research, New York, N. Y. 


RETHER! has recently published 

a “simple three-color mixer using 

filtered colors.” The principle of 
this instrument is almost identical with 
that of the more elaborate apparatus 
which Jonnard and Escher-Desriviéres 
described? in 1937. In view of the great 
practical interest of correct photop- 
tometric determinations with colored 
lights, it seems pertinent to elaborate 
upon operational details which, in the 
light of modern investigation, have as- 
sumed an increasing importance. Per- 
haps the best conditions to be realized 
in any investigation involving color 
mixing problems can be derived from 
an expression of Newton’s color mixing 
laws given by Grassman? in 1853: 

(a)“If in a mixture one component 
is continuously altered, the appearance 
of the mixture will continuously alter,” 
(b) “proportional increase of intensity 
of each component does not destroy the 
match at least in a definite region of 
the spectrum” (above 5500 A.u.), (c) 
“every mixture of light can be matched 
by a definite spectral light or a definite 
purple mixture which is mixed with a 
definite amount of white light.” 

These laws are complemented by 
Bruchner’s observation? that the ap- 
parent brightness of a mixture of 
lights is not equal to the sum of its 
components, provided that the macular 
pigmentation of the observer does not 
disturb the measurements (particularly 
above 4800 A.u.). This last source of 
interference was studied by Krarup.® 


In accordance with the foregoing con- 
siderations, the apparatus was provided 
with devices permitting the adjustment 
of the brightness of the observation area 
without changing the spectral composi- 
tion of the color mixture formed on 
this area. Since the spatial distribution 
of the spectrophotometric absorption 
coefficients of opal glass is not uniform, 
this condition required the construction 
of a special adjusting diaphragm 
(which cannot be adequately described 
here). The side knob visible in the ac- 
companying photograph was used for 
the adjustment of the intensity whose 
relative value was read on a positioning 
scale at the top of the instrument. Four 
other knobs located on the opposite 
side were used for the adjustment of 
the three-color composition of the light 


(1) Walter F. Grether. A simple Three- 
color Mixer Using Filtered Colors. Science, 
Vol. 98, Sept. 10, 1943, page 248. 

(2) Raymond Jonnard and Jean Escher- 
Desriviéres. L’Eblouissement. 1 vol. Her- 
mann, Paris, 1937. 

(3) H. Grassman. Zur Theorie der Far- 
benmischung. Annalen der Physik und 
Chemie, 3rd series, Vol. 89, 1853, pages 
69-84. 

(4) Arthur Bruckner. 
mungen farbiger Papiere. Archiv fur die 
gesammte Physiologie des Menschen und 
des Thiere, Vol. 98, 1903, pages 90-129. 

(5) Herdis Krarup. Physisch-ophtalmo- 
logische Grenzprobleme ein Beitrag zur 
Farbenlehre. Thieme, Leipzig, 1906. Page 
100. 
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and for its saturation. Relative scales 
were provided for these parameters. 
Since the spectrophotometric character- 
istics of the color filter combination 
used were known, both the color com- 
position and the level of illumination 
realized on the utilization area could 
be directly obtained by reference to a 
pre-established table. This instrument 
thus afforded a convenient means of 
studying the influence of intensity upon 
the sensation of saturation. This in- 
fluence is for Parsons® “a physiological 
fact of immense impertance.” 

Two other important features of such 
an instrument, which are often over- 
looked, are the uniformity of luminos- 
ity of the utilization screen in all 
azimuths, and the advantages of a 
large utilization area. (The diameter of 
the utilization screen was 5”.) For all 
levels comprised between 0 and 0.2 foot- 
candle the uniformity of luminosity was 
better than 1 in 1000 (as determined 
with a precision photoelectric photom- 
eter), and the instrument could be 
utilized in a zone circumscribed by a 
75° angle around the axis, thus being 
suited for lecture demonstrations. The 
large uniformly bright area was found 
useful as a secondary calibrated non- 
glaring light source for both chromatic 
and achromatic scotopic adaptation, in 
connection with studies of aviation sig- 
nals discrimination, detection of vita- 
min deficiencies, etc. When used for 
pupillometric measurements (in con- 
nection with a photographic method), 
it enabled us to carry the determination 
of the pupil area vs. intensity of light 
up to 10,000 lux, with various colored 
combinations, thereby elegantly com- 
pleting the curves of Holladay and of 
Barnister and Hartridge.7 

(6) John Herbert Parsons, An Introduc- 
tion to the Study of Colour Vision. Cam- 
bridge Univ. Press, 1915. Page 29, 

(7) Robert Faillie, Raymond Jonnard, 
and Henri Vial de Sachy. Variation de la 
Construction Pupillaire avec ]’Eclairement. 
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the experiment. It will be recs led th As W 
the visual acuity, depending upon th comp 
contrast of the test-object, alwaygamme sed 
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and of Davis,® Bidwell’s ghost,10 y, 
maker’s satellite,11 following mage 9 
von Kries,12 ete.). This phenomeno 
the modern “after-image,” is very eo 
plex and involves as many as seve 
well-defined phases, in varying x 
quence, all influenced by the state 
light-or-dark-adaptation, the color, jp 
tensity and saturation of the light, th 
duration of the stimulus, the shape 0 
the test-object and, as we found, the 

(Continued on page 500 
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ELECTRIC GAGING METHODS 


Pressure and Vibration 































i \ foun By HOWARD C. ROBERTS, University of Illinois 
: ghte 
ch te vy, GACING METHODS BASED ON VARIATIONS just where greatest sensitivity is needed. Circuits have been 
ea] spk OF INDUCTANCE developed and are in use which apply polarizing voltages to 
sit : Hen (Concluded) the rectifier elements at all times, so that in operation the 
permitted 7 , rectifier is kept in the most favorable portion of its operat: 
ntrast durin $10. SENSITIVITY ee ing range. Some of these circuits likewise provide phase- 
recalled thai AS with other electric gaging systems, the sensitivity of sensitivity, and can therefore indicate direction as well as 
ing upon th complete magnetic gaging system depends largely upon magnitude of bridge unbalance. '°4 “he Many of the buck- 
ct, alwaygmme sensit vity of the indicating or recording instrument. ing-type circuits have similar properties. 
rand saturgamor static measurements, instruments having extremely In the bridge-type circuits (Fig. 52) provision of the 
originally oymigh current sensitivity can be employed, and there is no facility for resistance balance has the effect of increasing 
; ‘culty in providing stable magnifications of 100,000, or the sensitivity of the system. The effect of resistance un- 
0 found yselmigher: With such a system, measurements can be made to balance is shown in Fig. 51B. Although away from the point 
ring visio nicroinches with equipment rugged enough for shop or fac- of inductive balance all three curves have the same slope, 
of Purkinjel™mpry ¥S©- This sensitivity can easily be increased tenfold curve number 1 is the only one which does not involve a 
ghost,10 qaggm laboratory surroundings. ; relatively large output current even at the point of induc- 
ng image om if a system employing electronic amplification is con- tive balance. As a means of indicating direction of unbal- 
Phenomenonmmtructed, disturbances caused by the transient vibrations ance as well as magnitude, these circuits are employed 
is very cont the building limit the sensitivity that can be employed with an initial unbalance (sometimes called “offset”), so 
ny as seve] r static measurements; for dynamic ‘Measurements the that a change in one direction will decrease the deflection, 
varying seqummbient vibrations impose the usable limit of sensitivity, while a change in the other direction will increase it. Obvi- 
the state ogmince their effects cannot be filtered out without affecting ously the smaller the standing current, the more sensitive 
1e color, infgpecuracy. the indicating instrument may be. The range of operation 
he light, thg . 
he shape 9 Z, Z; 5 
found, the GAGE 3 10 2 
n page 500 : = ! aia 
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The most sensitive circuits are the bridge types; with 
me of the bucking-type circuits nearly as sensitive. 

The sensitivity of a bridge circuit (change of output cur- 
ent versus change in inductance of gage) is greatest when 
rtain design requirements are fulfilled. If the center- 
apped inductor (Fig. 51A) has low resistance and negligible 
eakage inductance, then all circuit parameters excepting 
he exciting voltage and the impedance of the indicating 
istrument are ordinarily fixed by the physical limitations 
bf the equipment. The exciting voltage is limited by the 
magnetic characteristics of the core material, since too 
igh a voltage will cause saturation and consequent dis- 
ortion of the gage characteristic. 

The impedance of the indicating device, however, can be 
ontrolled to some extent. Such instruments ordinarily have 
ome inductance, and it is simple to introduce capacitance 
series until the inductive and capacitative reactances 
re equal (at the frequency of excitation); the impedance 
Mf that branch of the circuit is then approximately equal 
0 the ohmic resistance of the instrument. The output cur- 
ent may by this expedient be increased several hundred 
bercent;137 the method is effective with dynamometer type 
struments or with rectifier-type d-c. instruments. 

The instruments employed with inductance-type gaging 
ircuits must be a-c. instruments; if d-c. instruments are 
preferred, suitable devices must be employed to convert the 
uternating to direct current. Such devices may be thermo- 
ouples, rectifiers, or electronic amplifiers. Dry-disk recti- 
ers are widely used; they are compact, rugged, and have 
ow impedance in normal operation. The impedance of such 
h rectifier is much higher for small currents than for large, 
80 that in bridge-type circuits the sensitivity of the indi- 
ating instrument is made least at the point of balance— 
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B. F. Langer. Design and Applications of a Magnetic 
Gage. Proceedings of the Society for Experimental Stress 
8, Vol. 1, No. 2, 1943, pages 82-89. 


for each of the three curves is indicated in the drawing. It 
may be noted that the indicated range is in that portion of 
the curve which describes the increasing (beyond the bal- 
ance point) inductance of the gaging element. This means 
that the air-gap of the gaging element is less than that of 
its companion balancing element; it is operating on the 
“closing” side of the curve. Sensitivity is increased as the 
air-gap is decreased. 

Certain refinements in the design of gaging elements will 
increase their sensitivity. Low ohmic resistance together 
with relatively high impedance (high “Q”) makes for an 
efficient circuit. High frequencies of excitation make the 
effective impedances higher. Too high an exciting frequen- 
cy, however, introduces difficulty in connecting cables and 
causes iron losses in the cores of the inductors. The air 
gaps should be as small as practicable, but care must be 
taken that they never close in operation. Short air-gaps in- 
crease sensitivity in two ways—by increasing the induct- 
ance, and by providing a larger percentage change in in- 
ductance for a given change in air-gap. In practice, the 
variable-inductance gaging element is operated on the 
“opening side” of the curve if it is to experience tension 
only, or on the “closing side’”’ if the strains are to be com- 
pressional. The standing current may be made smallest 
thus; adjustment of the circuit is made easier, and the re- 
cording device is made to operate more efficiently. 


§11. STABILITY 


If properly designed, variable-inductance gages are in- 
herently extremely stable. In nearly all cases, instability in 
such a circuit will be found in one of the associated devices, 
or in the mechanical installation itself, rather than in the 
primary element. (Continued on page 484) 


(138) R. J. Cox. A Note on Electromagnetic Induction Microm- 
eters. Journal of Scientific Instruments. (London), Vol. 19, 1942, 
pages 117-120. 
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A Few of the Many Breeze 
Products in the Nation's 
Service 


Radio Ignition and Auxiliary 
Shielding _* Multiple Circuit 
Electrical Connectors * Flexible 
Shielding Conduit and Fittings 
* Cartridge Engine Starters ° 
Internal Tie Rods * Elevator 
and Rudder Tab Controls °* 
Flexible Shaft and Case Assem- 
blies * Aircraft Armor Plate 
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Peacetime Progress is Forged in 
the Flame of Wartime Production 


Today as our armed forces smash 
forward to secure their beachheads 
on the Invasion Coast, Breeze Flexible 
Shielding Conduit by the mile and 
Breeze Multiple Electrical Connec- 
tors by the thousands are but two of 
the many items of Breeze manufac- 
ture that are helping make Victory 
possible. Communications and trans- 
portation for our fighting units on 
land, sea, and in the air are aided 
every minute of every hour by the 
dependable performance of such vital 
Breeze products as Radio Ignition 
Shielding, Aircraft Armor Plate, Flex- 


Gittie | 


CORPORATIONS, INC. 


ible Shaft and Case Assemblies, Tab 
Controls and Actuators and Cart 
ridge-type Engine Starters. 

Tomorrow the same _ production 
lines that were able to turn out these 
items in such vast quantities, and the 
same hands whose skill and expe de 
rience engineered them, will he avail- h 
able to manufacture the goods o 
peace. And the Breeze Mark which 
which has become a symbo! of é- 
pendability to our fighting men 
world-wide battlefronts will continue . 
to be a mark of quality on products 
of the future. 
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recent years has been accompanied by an increasing 
need for engineers familiar with the ground testing 
of aircraft engines. To help fill this technical need, Purdue 
University has been gradually enlarging its instruction 
facilities in the form of an aircraft engine laboratory 
planned primarily for engineering student instruction. 
Torque stand facilities in this laboratory are rather com- 
pletely equipped with up-to-date instruments and testing 
devices quite similar to, and in many cases the same as, 
units found in industrial and government laboratories. 
Stand No. 1, Fig. 1**, which is used for routine instruction 
of Aeronautical and Mechanical Engineering students, is 


T: E rapid expansion of the aircraft engine industry in 
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Fig. 2. Original Arrangement for Measuring the Reaction Torque. 


designed to handle air-cooled engines up to 400 or 500 
horsepower. It consists of a U-shaped reinforced concrete 
test cell with an adjacent control room large enough to ac- 
commodate groups of students. The engine is mounted on 


mbo! of d- the end of a heavy hollow steel shaft which is supported 
ing men OME fore and aft by heavy double-row self-aligning ball bear- 
vill continue ines Loads on these bearings are transferred to a large 
on producti stec! eylinder supported on conventional cable mountings. 
All control and gage lines between the engine and the con- 
tro! room are flexible, thus permitting some movement of 
the engine without affecting control settings or instrument 
readings. In general, the stand is equipped to duplicate the 
. Schaefer is now with the Aircraft Engine Division of the 
I rd Motor Car Co,—EDIror. 
Fig. 1 of this article, showing the main control panel of Torque 
Tes! Stand No, 1 in the Purdue University Aircraft Engine Lab- 
WARK, Nod Oratory, appears as the cover photo of this issue.—EDITOR. 
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M. F. Behar, Editor 


TORQUE and THRUST MEASUREMENTS 
on Small Aircraft Engine Test Stands 


By J. LISTON, Assoc. Professor of Aeronautical Engineering, and C. E. SCHAEFER* Ass’t Instructor in Aeronautical 
Engineering, Purdue University, Lafayette, Indiana. 
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facilities of larger industrial and government stands but 
special attention has been given to careful identification 
of all instruments and controls, and the arrangement was 
planned for use by inexperienced student operators. 

In the larger sizes of aircraft engines, increasing use is 
being made of built-in torquemeters for power measure- 
ments on the ground as well as in flight. However, to date 
few small engines of the size best suited to beginning stu- 
dent instruction are equipped with such devices. Hence, an 
alternate means for measuring engine torque was incor- 
porated in the initial design. 

This device, Fig. 2, consists of a reaction torque arm 
attached to the floating shaft which supports the engine. 
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Fig. 3. Arrangement for Calibrating the Torquemeter. 


The torque reaction is taken by two pistons, one of which 
is attached to a dash-pot and the other to a metering valve 
which allows only sufficient oil to enter to keep the pistons 
floating near mid-position. Air pressure greater than the 
maximum pressure in the torque cylinders is used to main- 
tain a continuous supply of oil. 

The torquemeter gage is a Bourdon tube type of pressure 
gage, and for calibration, the arrangement shown in Fig. 3 
is used. A typical student calibration curve is shown in Fig. 
4 (A). This calibration may be used directly during tests 
and the horsepower may be determined from 

27NQ 
BHP = 





33,000 
where N = engine r.p.m. 
and Q = torque in lb.-ft. 
This torquemeter has been in regular student use for two 
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Pi Fig. 5. Modified Arrangement for Measuring the Reaction 
| Torque. 
oh Lh 0 40 a8 808 fied arrangement that would eliminate all sliding fits Wag 








TORQUE METER READING designed and built. 


Fig. 4. Static Torquemeter Calibration Curves This new torquemeter, Fig. 5, consists of metallic bellows 
(A) Original Torquemeter. (O) Increasing Load filled with oil and fastemed in i v]i 
(B) Metallic Bellows Type. (X) Decreasing Load place in the torque cylinders 


Torque forces on the bellows are transferred hydraulically 
years and has proved to be reasonably satisfactory and re- to the Bourdon tube in the torque indicating gage. This 
liable. The torque cylinders were not surface-hardened; and bellows type torquemeter is a closed system and al! leakage 
they have suffered some wear, with resultant increased has been eliminated. Calibration of the torquemeter is showy 
leakage by the pistons, but the oil supply has proved in Fig. 4 (B). 

adequate to offset the effects. However, it was felt that Preliminary experience with this torquemeter is fayop. 
eventually the leakage would become excessive, so a modi- able but the life of the bellows units has not been estab. 
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Fig. 6. Typical Test Results Obtained by Students. 





orrel] &(rrel] High Speed Electric Counter 


Ideal for all counting and data accumulation work .. . large figures easily read through plastic window. 
. production ... control ... developmental ... Mounts and operates in any position. Size 3'/," by 
psychological . . . etc. Standard voltage is 110 volts 314” by 154”. Cadmium plated. Special bracket to 


60 cycles, but other voltages from 6 to 220 A.C. or permit mounting at right angles is recommended at 
D.C. are available at 75c additional. G&G HiSpeed 26c extra. 


Electric Counters, $4.10 each FOB factory. 

Counter is compact, sturdy, well engineered. Counts orre Pe: orre 
up to 700 per minute. Operates on non-reset princi- 

ple . . . counts to 99,999 and then repeats. Draws 


only 4 watts. Counter mechanism totally enclosed CHICAGO HEIGHTS, ILL. 
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INSTRUMENT DELIVERIES! 
American Instrument production is catching up with 
the needs of our armed forces—closing the gap be- 
tween too little and enough. Caring for those needs 
EEC. nee, 
has expanded Triplett production lines unbelievably 
ntet far beyond preyious capacities. And the experiences 
window, m 
3%" by of war, added to more than forty years of instrument 
tacket to ® 
jended at manufacturing, have bettered the products coming off 
| those lines, 
e Now—instruments—better than ever before—are ready * Greater Production 
for general use. Better place your orders, at once, with Capacity 
— — Triplett—headquarters for a complete line of instru- te Bester Inserunbaus 
ments made to one fine standard of engineering. Quality 
D’Arsonval Moving Coil D.C. Instruments Electrodynamometer A.C.-D.C. i 
Double Iron Repulsion A.C. Instruments R.F. and Rectifier Types; Sizes 2” through 7” * Complete Line of 
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lished. The instrument has considerably greate) 
and reacts more rapidly to torque variations. & 
closed system, atmospheric changes affect the 

reading slightly, but the enclosed volume of o 
enough to hold these changes to very small valu 
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Fig. 6 shows typical student results from a O-cubie 
inch engine equipped with a controllable prop: jer. Thel 
horsepower values were obtained with this tor uemete 
and they check the engine manufacturer’s d rather 
closely. 
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Fig. 7. Original Arrangement for Measuring Propeller Thrust. 










When the original plans for torque stand No. | wep 
drawn, the thrust-measuring arrangement shown in Fig, 7 

























was incorporated. It was realized that propeller thrust 
measurements inside a U-shaped test cell would probably 
not correlate well with static propeller thrust when the 


Army, Navy and Air Corps 


DIALS AND OTHER DEVICES 


nee with 


engine was mounted on the airplane. But it was felt that 
some worthwhile information might be obtained, hence the 


o 


system shown in Fig. 7 was included. 
This method looked promising but it was unsatisfactory 


















Retarding Rust of Aircraft Clock 


and Watch Movements 
By GEO. R. FORD (with Armed Forces overseas) 


IL steel hairsprings, steel escape wheels, pinions, roller- 
tables, click and setting springs, steel hands and wind. 









PHOSPHORESCENT AND 
FLUORESCENT COMPOUNDS 










Materials processed with radium compounds ingwheels. It is not possible to use the “rub-it-all- —_ 
glow everlastingly in the dark without activation there-will-be-enough-left-on” method, but it is mentioned in 
from any outside source. order to give an idea of the amount of oil to be used. How. 

; ever, the correct amount of oil may be painted on by dipping 


We process with luminescent compounds, all 
types of dials and other devices, in metals, 
plastics and glass, according to the latest Army 
and Navy specifications. Our perfected labo- 
ratory methods ensure uniform accuracy and 
durability of applied numerals, lettering and 
calibrations. Information and estimates on your 
specifications furnished promptly on request. 





the end of a number three jeweler’s screw driver in watch 
oil (it does not evaporate) and place a smear on the palm 
of the hand or watchpaper. Transfer the oil to a camel's 
hair brush, approximately %42” X %.6”, by brushing the 
smear thoroughly. After cleaning, all parts usually left dry 
which are subject to rust, should be covered with a light 
film of oil by the simple process of painting. A slight change 
in their appearance indicates the parts have been covered. 
It is not necessary to remove hairsprings. Paint top and 
bottom of the coil and allow the hair to enter the coil. To 
much oil is indicated should the coils have a tendency to 
stick when pushed together. Small particles of rust on the 
contact edge of rollertables cause considerable trouble. Paint- 
ing the entire table is advisable. Steel escape wheels i! clud- 
ing pinions should also be coated. Oiling click and setting 
springs reduces breakage by preventing rust. Winding: 
wheels and the surface of steel hands can be protected from 
unsightly rust by a film of oil. 

Regardless of the criticism this article may receive, | have 
used this method successfully for more than fifteen years, 
in repairing high-grade railroad watches by whic! 
Panama R.R. trains were run, also ship’s chronometers used 
on vessels without radio receiving sets. Many of the time 
pieces were returned to me regularly over a period of years, 


RADI UM & URANIU Mi so I know that a coating of oil when properly applied does 


Cor pora tion not interfere with the accuracy of a timepiece in any climate, ' 


<M ae ia ee ie taeskes eset ee) a2). am = that it does retard rust, eliminates the necessity of rep! ‘ing 
many parts, prolongs the period of time between over 2uls 


and greatly increases the life of the instrument. 











First in Radium— Under one control—mining, 
refining, technical research, processing and 
distribution of radium products for industry. 
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| MOUNT demand of industry for a rugged yet compact pump capable of 
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"y dipping Use yourown proven Only Same instrument with ther- 
in watch Filings, burrs, etc., from solvent or cleansing mostatically controlled 
the palm brass or copper screw ma- liquid such as Oakite, $ beating element for use 
a camel's chine parts salvaged in soap, powder solu- with low-cost solutions 

shing the sediment trap will soon tion, carbon tetra- where constant tempera- 

y left dry pay for this machine. chloride, trichlor- ture is required, Model 

h a light ethylene, etc. aye C742-B, $100.00. 
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. nee 1. No Abrasions! No Bumping! No Scratching! No Tumbling! Absolutely 
ls rawr no abuse because there is no moving of the most delicate parts or mechanisms. 
Sy etting 2. Cleansing liquid circulates through complex and odd shaped instrument 
: ad rie assemblies—work remains stationary. 

3. Keeps disassembled parts to- 5. Compartments can be lifted out. Larger 
e, I have gether;nomixed ormissing parts. parts can be just as thoroughly cleaned. 
n years, ‘ rer 
hich the 4. Work comes out like new. 6. Drain well at bottom for dirt elimination. 
ers used WRITE FOR LITERATURE 
he time AIRCRAFT INSTRUMENT DIVISION 
f years, 
af yea NAXON UTILITIES CORPORATION 
climate, Engineers and Manufacturers of Precision Electrical Devices Since 1922 
eplacing 2101-11 WALNUT STREET, CHICAGO, ILLINOIS 
verhauls A.C. OMLY World’s Leading Manufacturer of Portable Electric Washers 
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The L&R PRECISION CLEANING MACHINE 
has revolutionized the cleaning of small, 


delicate parts too difficuit to clean by any 
other method. Glan . Rinse . Polish . Dy 
in one complete, self-contained unit... . 


_ Write for Catalog Data 


L&R 


MANUFACTURING COMPANY 
577 ELM STREET 
ARLINGTON, N. J. 
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4” Swing 





9” Bed 
4%” Bar Capacity 


COLLETS 1/32” to %” 


Adapter Available for collets in Metric 
.1 mm to 6. mm 


MOTORS 
V4 hp. and Smaller 


COMPOUND 
SLIDE RESTS 


MILLING 
ATTACHMENTS 








Write for details and prices 


220 WEST FIFTH STREET, LOS ANGELES 13, CAL. 


PRECISION INSTRUMENT EQUIPMENT—TOOLS AND SUPPLIES | 


—chiefly because of the large initial coefficient 
on the floating shaft. Some results were obtaine 
reliance could be placed on the accuracy. 

The rod connecting this thrustmeter to the 1 














; , val] 0 
the test pit was then replaced with a cable; ar! a cgi) 
tension type of thrustmeter, Fig. 8, was designed and bui] 
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Fig. 8. Cable Tension Type of Thrustmeter. 
ins: —STATIONARY CABLE _ 
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THRUST ENGINE 
METER WEIGHT— | 
PAN Vy 
Fig. 9. Arrangement for Calibrating the Thrustmeter 
The supporting cables for the engine mount are anchored 
on stacks of rubber disks in the walls and floor of the test 


pit. Hence, the entire test assembly moves forward slightly 
with increasing thrust. This deflection proved just suficient 
for the cable tension thrustmeter, and the system proved 
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THRUST METER READING 


Fig. 10. Thrustmeter Calibration. 


quite sensitive. Without damping, the thrust indicator wil 
show surging in the test pit. 

Static calibration of the thrustmeter is accomplished by 
applying increment loads parallel to the propeller 
Fig. 9. A calibration curve for the thrustmeter is shown 2 
Fig. 10. 
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NEW 


W. are interested in 


acquiring developed or 
partially developed air- 
craft or marine prod- 
ucts such as aircraft 
accessories, parts or in- 
struments of precision 
or semi-precision na- 
ture —requiring light 
machining — silver 
soldering — assem- 
bling. 

3 
Prefer outright pur- 
chase or on the basis 
of exclusive manufac- 
turing rights with 
royalty. 

2 
Not interested in un- 
developed ideas. 


Write giving full de- 
tails which will be 
treated in full confi- 
dence. 


Excellent bank refer- 
ences. 


AERO 


INSTRUMENT 


COMPANY 


5105 Denison Ave. 


CLEVELAND (2) OHIO 


Manufacturers of: Aircraft 
Airspeed Tubes — Pelorus 
Drift Sights—Special Valves 




















gotta date with 1000 Jeeps! 
Call AR Lepress 
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F AIR EXPRESS shipments could talk—and knew where they 
| aaa going and why—we wouldn’t have to urge you to 
ship when ready, especially if you are a manufacturer of war 
materials. For early shipment is the way to be certain of earliest 
possible delivery. Don’t let shipments lie around for routine 
end-of-day pick up. Call arr Express the instant the label 
is on. No matter what the label says, it isn’t air 
EXPRESS until it’s on a@ plane! 


A Money-Saving, 
High-Speed Wartime Tool 
For Every Business 


As a result of increased efficiency developed to meet wartime demands, rates 
have been reduced. Shippers nationwide are now saving an average of 
more than 10% on Air Express charges. And Air Express schedules are based 
on “hours”, not days and weeks—with 3-mile-a-minute service direct to 
hundreds of U. S. cities and scores of foreign countries. 

WRITE TODAY for “Vision Unlimited”—an informative booklet that will 


stimulate the thinking of every executive. Dept. PR-8, Railway Express Agency, 


230 Park Avenue, New York 17, N. Y., or ask for it at any local office. 





Phone RAILWAY EXPRESS AGENCY, AIR EXPRESS DIVISION 
Representing the AIRLINES of the United States 
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* 


More than 


21,000 GAGINGS 





and still on the job! 


Here’s actual proof of their durability: A prominent 
mid-western manufacturer reports checking 20,805 
parts with an Elgin Sapphire Ring Gage . . . and the 
gage is still in use. On comparable gagings, this com- 
pany has found that steel ring gages wear out after 
approximately 360 parts have been checked! 

Thus, sapphire has outworn steel by more 
than 57 tol ...and is still going strong! 
Elgin Sapphire Ring Gages can not rust, burr, cor- 
rode or become distorted with use. Because sapphire 
is so hard, next hardest material to diamond, there 

is no wear allowance necessary. 

Available in both plastic and brass mountings, 
beautiful Elgin Sapphire Ring Gages are richly cased 
. .. they inspire careful handling by employes. W rite 
for prices and information. Sizes from .004” to .250” 
and in tolerances from .00020” down to .00004”. 
ELGIN SAPPHIRE PRODUCTS PRESENT MANY ADVANTAGES 
for the following types of equipment: Ring Gages * Bearings 
Thread Guides + Extrusion Dies » Gages * Knife Edges + Spray 
Nozzles + Sapphire Lapping Powders + Diesel Injector Noz- 
zles + Oil Burner Nozzles + Soft Wire Dies + Phonograph Nee- 
dies + Cutting Tools for soft metals + Burnishing Tools for soft 


metals + Pressure Vessel Windows * Electrical Insulators »* Watch 
Crystals * Honing Stones. 


America's best equipped sapphire fabricator 


ELGIN NATIONAL 
WATCH COMPANY 


SAPPHIRE PRODUCTS DIVISION 
932 Benton Street, Aurora, Illinois, U. S. A. 
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ELECTRIC GAGING METHODS 
(Continued from page 275) 
The prime requirement of a variable-inducta: 


‘ Fagin 
element is that the inductance of the element (or «he Me 
of two inductances) should vary in a consistent and pre- 
dictable manner with the change in air-gap or in mature 


position. It is of little importance whether or not «=, ohmic 
resistance is also changed, since such a change wil! 


€ small 
In a well-designed circuit the ohmic resistance al 
compared to the total impedance, and the circui) js come 
pensated for the change. 

In general, the series-type circuit is not desi:able fo 
measurements in which high accuracy and stability are p.. 
quired, although systems employing the circuit can he made 
both accurate and stable. They are usually employed in ap. 


plications in which a relatively large magnitude being 
measured—so large that low instrument sensitivity is y. 
quired. For measurements of small magnitudes at high a. 
curacy, the bridge circuits are desirable; some of the buck. 
ing-type circuits are also satisfactory. 

It is not practical to construct gaging elements in which 
no change in ohmic resistance or in inductance wil! occy 
with change in temperature: it is possible, but prohibitively 
expensive. The methods which must be employed to pro. 
duce these conditions usually lower the efficiency of the 
gage to such an extent that the over-all performance often 
shows a net loss. For applications at ordinary temperatures, 
gages are designed to be mechanically robust, the coils are 
wound with copper wire, and the cores are usually made of 
laminated silicon steel. (High-permeability alloys are occa- 
sionally used.) No special precautions are taken to reduce 
the temperature coefficient of resistance. In such a gaging 
element there will be a change in resistance with tempera- 
ture, and also a change in inductance. These changes are 
caused by changes in dimensions of the gage parts, and by 
changes in electrical and magnetic characteristics of the 


metals with temperature. For one set of dimensions, and 
one type of application, these changes can be made to coun- 
teract; but for any other set of conditions that compensa- 


tion will fail. One must expect, therefore, a change in re- 
sistance and in inductance of an inductance-type gaging 
element when the temperature changes. 

Installation of a balancing or compensating gage close 
to the measuring gage, or the use of the inductance-ratio 
gaging element, will provide almost perfect compensation 
for these temperature effects. If widely varying tempera- 
tures are encountered, such a system will be found almost 
imperative. 

The effect of changes in temperature upon the specimen 
has been described (in the discussion of capacitance-type 
gages). The same considerations apply to inductance-type 
gages; the principal point of difference arises because the 
material of magnetic gages is usually ferrous and its co 
efficient of thermal expansion may be difficult to match to 
that of the specimen. It is customary to install the magnetic 
core material in a frame or housing of other material, %0 
that the effective coefficient of thermal expansion can be 
modified. Fortunately, however, the use of the inductance- 
ratio gaging element elintinates most of the drift originat- 
ing in change of dimension of the gage; its two halves will 
experience the same changes, and each will compensate the 
changes in the other. 

It is essential, as with all other electric gaging circuits 
that the exciting voltage remain constant unless nul 
method is used. If a null method is used, change in exciting 
voltage will affect the sensitivity and the accuracy of the 
balancing process, but will not in any other manner iffect 
sensitivity, stability, or accuracy of the bridge. Dy ami 
measurements in general require deflection-type met !0ds: 
with them the voltage must be maintained constant, ané 
often waveform and frequency likewise. It is an inter: sting 
fact that the sensitivity of a bridge-type gaging circuit 8 
not always increased by increase in exciting voltage 

The source of the exciting current for variable-induc ‘ance 
gages imposes a problem almost as difficult as the <ag¢s 
themselves. Low-impedance gages often require several 
volt-amperes of electric energy; this amount varies with 
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Count on SOMCO’s 


Wartime Practice 










R.,1: now SOMCO is busy turning out 
optical equipment for our fighting forces. But, 
SOMCO is also planning for peace. Our wartime 
experience has developed new skills, new tech- 
nique, new knowledge of materials. 


SOMCO's wartime experience is yours—for use 
in your postwar planning. Make use of it any time, 
without the slightest obligation. 


SOMCO ideas and SOMCO products—born of | 


war experience—will benefit the optical industry | 


in the better days ahead. In war—in peace, 
SOMCO leadership through ap- 
plied research anticipates future 
problems. Keep posted on SOM- 





CO product developments. 


Spherical Lenses 


Spherical optics, precision polished, 
designed to meet the varied functional 
requirements of scientific optical in- 
struments such as sights, telescopes, 
Fire Control and Navigational instru- 
ments, projection lenses and micro- 
scopes. 





SIMPSON OPTICAL MANUFACTURING CO. 


3200 WEST CARROLL AVE., CHICAGO 24, ILL. 


CAMERA LENSES @ = PRISMS 
SOUND OPTICAL SYSTEMS 


PROJECTION LENSES e@ 
OPTICAL FLATS e@ 
PN em Es mee) Vil cme) ke) A i2-8-etfle) | 
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| circuits described operate excellently; the same care i 
| sign will provide the most improvement in results if applied 


| by the elastic deformation of the material. In such a! 


| applied strain, and the power factor of the cir: 


| apple t vari 
| likewise. The generator used must be well regulat: again 
| changes in the demand of the gage circuits a: againgt 


changes in the power operating it as well. 

The accuracy of a deflection-type method or th 
ity of a null method are affected by changes in ihe char. 
acteristics of the indicating instruments. Many inst uments 
—especially a-c. instruments of high current sensitivity 
are affected by temperature changes. This sort o! nstabil. 
ity is a function of the indicating instrument rather than of 
| the gaging circuit proper; it will be discussed h thoge 

instruments and their characteristics. Changes in the ye, 

tifying devices will likewise be discussed in a later article 
The center-tapped inductor which forms the two fixe 
bridge arms will remain a fixed unity ratio throughoy 
almost any change in working conditions; it suffers no drift 
if properly constructed. 
In high-level variable-inductance gaging circuits—thog 
which do not require amplifying devices—errors occasional. 
| ly appear because of changes in the output circuits whe 
| those circuits are required to filter the rectified output cur. 
| rent, to produce an output which can be recorded by the 
| oscillograph. The design of these filters is an art withiy 
| itself; it is described in many locations.139 The principal 
requirements of such filters are these: the carrier must 
as completely removed as possible; the modulating frequen. 
cies must be undisturbed by the filtering action; and the 
| presence of the filter must not disturb either the bridge 
| circuit or the indicating instrument. This last requirement 
| is difficult to fulfill in those systems in which sensitivity js 
| controlled by the addition of resistance in series with the 


| indicating instrument. 


ensitiy. 






§12. ACCURACY 

| The accuracy of variable-inductance gaging methods js 
affected by mechanical factors and by electrical disturb- 
ances. The mechanical factors are ordinarily the more 
difficult to control. 

Just as with any other gage, whether it be electrical or 
mechanical, errors will be caused if the attachment is im- 
perfect, if the material of the gage is subject to change in 
| dimension, or if the construction of the gage is such as to 
| permit either slippage of the gage on the specimen or 
| mechanical hysteresis within the gage itseif. These errors 
can be prevented only by the most careful mechanical de 
sign and construction. 

In addition to these mechanical errors, however, an elec- 
tric gaging system is also subject to certain errors of pure 
| ly eleetrical character; the inductance-type gages are less 

subject to electrical difficulties than some others. Care in 
| electrical design, care in construction and installation, and 
| reasonable maintenance will eliminate nearly all of these 
| sources of error. The inductance-type systems, if properly 
| designed and operated, are capable of accuracy high enough 


| 








. | to fit them for use in the gage departments of our best pro- 


| duction organizations. 
| The bridge-type circuits, which are also among the most 
| sensitive, are inherently the most accurate of the circuits 
used with inductance-type gages. The inductance-ratio type 
| of primary element is inherently the most stable and the 
| most accurate of the instruments embodying magnetic prin- 
| ciples of operation. That does not mean that any bridge 
| type circuit is better than any circuit of one of the other 
| types, nor that any inductance-ratio pick-up is better than 
all other types of pick-ups; it does mean that a bridge-type 
| circuit, because of its fundamental principles, is the one 
which responds best to refinement, and that the same is 
true of an inductance-ratio pick-up because of the oppor- 
tunities for good design which are offered by its basic prit- 
ciples of operation. Careful design will make any oi 


to the bridge-type circuit. 
Many of the gaging elements described have no moving 
parts other than those attached to the specimen and 1 


(139) W. E. Everitt. Communication Engineering. McGraw 


| 1937. 700 pages. Chapter 6 
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NEED THERMOCOUPLE WELLS? 


Call on TRINITY’S experience in building 
Thermocouple and Thermometer Test Wells 
for the Oil Refinery and Chemical Industries. 
When quality of workmanship is of prime 
importance .. . specify TRINITY. 





gives you maximum performance . . . with 
minimum requirement for weight and space 


You can depend on Oster motors to live up to the world- 
wide reputation of pre-war Oster appliances, and to de- 
liver results that add to the prestige 
of your product for war and peace- 
time uses. Careful engineering and 
precision workmanship assure you of 
dependable, trouble-free performance. 
Let us help you fit this or other 


Oster motors to your requirements. 
M-17B 











John Oster Manufacturing Co. 


Department N-17 Racine, Wisconsin 











Blscrenie engineers everywhere have 
been using Catalog “40’’ as their resis- 
tance guide-book. Its 96 pages are 

full of engineering data, charts, tables, 
and a manual of resistance measure- 
ments. Gives details of the wide 

range of Ohmite resistors, rheostats, 
tap switches, chokes and attenuators 
for all types of applications. 


OHMITE MANUFACTURING COMPANY 
4887 W. FLOURNOY ST., CHICAGO 44, U.S.A. 


it’ 
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ment, if the attachment is properly made there ¥jl] be y 
mechanical hysteresis; thus the response of the ; 
may represent accurately the deformation of th 
although it may not be accurately proportion: 
mary condition for accuracy—that the hystere 
the instrument have zero area—is thus fulfilled. 

In actual application, however, it is necessar, that he 
instrument repeat itself under varying conditi: a 
producibility must not be affected by external 
The satisfactory fulfillment of this condition de 
the electrical characteristics of the gage as mu 
the mechanical. The bridge-type circuits afford t 
opportunities for compensation. 

The function of the variable-inductance gagi: elemen 
is to experience a change in inductance when its 
position, or its air-gap, is changed, but not from 
stimulus. Because of the impracticability of « 
pick-ups with this perfect characteristic, the ¢ 
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vices in use employ elements which in operation experieng 

other changes than those of inductance. It is necessary thy 7 
these changes, if they cause an indication of the instry 

ment, be compensated in some manner. 


It has been pointed out that the ohmic resistance of th 
gage should be small, and that the capacitance betwee 















elements be small likewise (the capacitive reactance mug ' 

be large). These factors then will play only a small par 

in the performance of the gaging circuit; small changes jy Y 
a 


them will have little importance. 

If the inductance-ratio type element is used, or if the 
compensating gage is placed close to the measuring gaye 
the changes in ohmic resistance and in capacitance will le 
common to two adjacent arms of the bridge circuit, and 
will not affect the balance of that circuit. Changes in in- 
ductance caused by anything other than movement of the 
armature will likewise occur in these two arms of the bridge 


simultaneously. Changes in the bridge balance, therefore Mt ? 
will result only from changes in inductance caused by move 7 =—_ 
ment of the armature of the gage. No drift will be exneri- 


enced. But these changes will change the total impedance 

of the circuit, and can therefore affect its sensitivity, or 

even its accuracy unless it is of the null type. , 
The errors resulting from these uncompensated changes le 

are extremely small; they can ordinarily be ignored. For 


example, if the ohmic resistance of the gage is 2 ohms and 
its impedance 100 ohms (these are common values) a é' 
change in temperature of about 18°F. will cause a change 
in ohmic resistance of the gage of about 10%. This change 
in resistance will cause a change in impedance of the gaye 
of about one-fifth of one percent. And this change in in- 
pedance will cause no greater error. It may be seen that 


changes in room temperature, and moderate changes in 
outdoors temperature, will cause small errors. Even %0, T 
their compensation can be accomplished if it is necessary. H 
Such compensation may be provided by the use of wire hav- - 
ing suitable temperature coefficient of resistivity,!1! and by sha 
the use of material for the winding spool which has a ten && ya, 


perature coefficient of expansion equal to that of the wire I tion: 


With constantan wire, the resistance of the coils can be J servi 
made virtually unchanging at all normal temperatures. load 

In the same manner, by employing magnetic material nee 
which has a low temperature coefficient of permeability, 04 
the inductance can be made less changeable with changes J® | 
in temperature. In order to make the inductance invariant, vt 
it is necessary to evaluate the changes due to the expan- of 
sion of the core material with temperature, and the change . 
in its magnetic permeability, and to correlate the two. This ¢ 
correlation can be made effective over limited ranges ec 


A simpler, less precise, but far more economical method 
is to install in series with the gaging element such compet- 
sating elements as are required. Temperature compensation 
for resistance is accomplished by adding series resistance 
elements which possess temperature coefficient oppos'te im 
sign to that of the gage. Temperature compensation for 
inductance requires the installation of series inductors hav- 
ing temperature coefficient opposite in sign to that of the 
gage; they can be small variable air-gap units whose ©rma 
tures are moved in accordance with the change in tel 
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Sashac Yen of hard-to-get-at places 


now made certain and accurate with the help of 


WAPPLER 
INDUSTRIAL TELESCOPES 
While fon | re tpn 
out Loooklet: Internal Surfaces.” 


For prompt action and our recom- 
-C’'Gay™- mendations, include drawing of 
‘s = part to be inspected, or preferably 
_——— the part itself. 


ye ere 


/. 


Industrial Division 


AMERICAN CYSTOSCOPE MAKERS, Inc. 


FREDERICK C. WAPPLER, Pres. 


1241 Lafayette Ave (Bronx) New York, ULS.A. 





FATIGUE TESTS 


dependent on 


THORDARSON 


AMPLIFIERS 


~ 4 
Four of the Thordarson 2500 Watt amplifiers are used in the 
laborotorier of the Curtiss Wright Corporation-Propelier Division. 


d. 4 
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perature.14® Such compensation is not perfect, } 
ple, economical, and sufficient for most uses. 
methods are seldom required if inductance-ratio 
ments are employed. 

For most applications, the use of the induc 
gaging element, or the compensating gage insta! 
the specimen, will give satisfactory results. In w 
ing extremely high precision it is advisable to i 
compensation in the gage design. In some applicati 
which sudden and large changes in temperature 
in rolling mills) quite elaborate compensating sys 
been used.'*? Even in ordinary installations, how: 
lessness in operating procedure can introduce la) rs 

Referring to Fig. 51B, the curves there may | consid. 
ered as representing calibration curves for magnetic gag; 
circuits. Curve 1 is the most desirable form; it 
perfectly linear from quite near the point of ba! 
point corresponding to a current output of mor 
milliamperes. But curves 2 and 3 are less desirable: a |itt 
distance away from the balance point they are like curve 1 
while near the point of inductive balance they depart cop. 
siderably from the straight line, and the current even 9 
the point of inductive balance is several milliamperes, It js 
clear that of these three curves, only number 1 could 
employed without constant checking to determine if it is the 
lack of a perfect resistance balance or the normal output 
of the gage which causes the high output current. 

Again the use of the compensating gage solves the prob. 
lem. If the compensating gage is employed, or if an ip. 
ductance-ratio gaging element is used, the resistance bal. 
ance, once obtained, will be maintained. 

Only one principal source of error peculiar to the gaging 
circuit remains to be considered: it is the problem of cali- 
brating the gage and then transferring it from the calj- 
brating device to the work. 

If an inductance-ratio gaging element is used, the prob- 
lem is simple; the calibration curve for such a gage can be 
made quite linear for a considerable range. It is only nee. 
essary to calibrate the gage on a*suitable device, then re- 
move it, transfer it to thg work, and there install it. The 
air gaps, or armature spacing, need be only approximately 
the same as during calibration. (Because of the mechanical 
construction, the sum of the two air gaps is a constant.) 
Since the output current is measured at intervals, and dif- 
ferences taken, no error will be introduced by small changés 
of spacing in installation. 

If a variable-inductance gage is used, care must be taken 
in its installation, or the calibration will be lost in trans- 
ferring the gage to the work. The gage is placed on the 
calibrating stand, adjusted to the desired characteristics, 
and at the same time the compensating gage is adjusted 
and its adjustments are locked. It is then possible to re 
move the working gage, place it in its operating location, 
and (without altering the adjustment of any other part of 
the system) adjust its air-gap or armature position until 
the circuit is again balanced. The calibration of the circuit 
is maintained by the compensating gage, which is w- 
changed, and by the two fixed arms of the bridge. The initial 
unbalance or “offset”? (see §10) is then established and the 
gage is ready for use. 

In all magnetic gages, the leakage inductance is large; 
this is an inevitable consequence of the presence of the ail- 
gap. Because of this condition, the presence of large masses 
of metal near the air-gap can cause a change in the ir 
ductance of the gage. The calibrating stand used should 
be so constructed as to cause the same change as does the 
metal of the specimen. If protective metal covers are used, 
either on the gage or the balancing unit, they should be in 
place during the calibration process. 

If these precautions are observed, the transfer of to gage 
from the calibrating stand to the working position should 
introduce no inaccuracy; it is assumed, of course, that if 
the gage is constructed in more than one piece a jig is em- 
ployed to maintain alignment of parts during the transfer. 


(140) R. R,. Batcher Process Control Methods for Ind strial 
Use. Electronic Industries, Vol. 3, 1944, pages 94-95, 198, 20°, 202 
(141) U. S. Patent No. 2,276,816. Samuel Bagno. 
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You get far 
more {rom Hays Auto- 
matic Combustion Con- 
trol thanjust an accurate 
statement of facts. You 
get a Control System 
which automatically 
makes certain that the 
facts are what you want 
them to be. 


Your boiler room may show similar vital savings. 
Ask Hays to make a survey and recommendation— 
there's no obligation and it’s usually worth while in 
savings. The new Combustion Control Catalog is 
full of valuable data, write for it. 


CORPORATION 


MICHIGAN CITY-INDIANA.USA 





Deliveries NOW 
Within 30 Days 


Here’s a time-saver that makes 
Inspection accuracy simple. 
Using Jo-Biocks and sur- 
face rage, set your indicator at 
zero on the blocks—if the work 
measures zero too, it’s right. 
Set No. 1, of 81 blocks, 

makes 120,000 different 





grades—accurate to .000004 
and to .000008. Write for cata- 
log 16. Address: Forp Moror 
Company, Johansson Divi- 
sion, Dept. I, Dearborn, 
Michigan. 


size gages, in steps of .0001 a 
from .200 of an inch to O La nN SO nh 
8 


more than 12 inches. Two 


GAGE BLOCKS 


GENERATOR 
MODEL SG 6” 


CHRONO-TACHOMETER 


THE STANDARD INSTRUMENT for 
SPEED AND TIME MEASUREMENT 


on 
Aircraft Engine Test Stands 
Dynamometer Test Stands 
Propeller Governor Test Stands 


Super Charger Test Stands 


FEATURES: 

Electric drive 

Large readable dial (6’’ Indicating Tachometer Dial) 
Automatic 1/10 min. or 1 min. integration of revolutions 


Overspeed cutout if desired 


ACCURACY: 


mn 


Timer within .001 minutes per test run 


Revolution Counter at speeds from 200 to 3500 RPM 


is accurate to within 14 revolution per test run 


Tachometer within + 10 RPM 


ADDRESS I-23 


THE STANDARD 
ELECTRIC TIME CO. 


“Split-Second Measurement by Standard” 


SPRINGFIELD 2, MASSACHUSETTS 
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GAUGE 
TESTER 


Portable... Adapted to field testing, also suit- 
able for testing in laboratory and plant. 


Compact... The Brass Weights are carried with 
the tester in a hardwood carrying case. 


Dependable... Accurate results in testing are 
obtained as careful calibration with Standard 
Tester is made on each instrument. 





THE 20 cthddapeece SUPPLY CO. 


TULSA, | OKLAHOMA 


elina: iat 


621 E 4th Str 4-8144, L.D. 581 
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Hoston. Texas . Ph. Fairfax 5814 
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OIL REFINERIES 


CHEMICAL PLANTS 
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ELECTRON TUBE PRINCIPLES 
(Continued from page 473) 


The early glass tubes have been supplemented 
of entirely metal tubes. These were made practi: 
vances in electrical welding methods which in ¢ 
were brought about by the use of electron tubes 
accurate control of the welding operations. In the 
ture of these metal tubes, vacuum-tight welds 
current flows of as much as 75,000 amperes are 
fraction of a second. Another factor contributi: 
development of these tubes was the use of Fern 
an alloy which seals readily to certain special 
glass. The use of Fernico eyelets and glass bead 
illustrated in the cutaway drawing of a metal tul 
156, permits of many advantages in tube assemb! 

The advantages of metal tubes probably lie n 
manufacturing methods, although in certain app) cations 
the superior shielding afforded by the metal she!! igs ap 
important factor. They are also more compact than glags 
tubes, From an industrial application standpoint however 
metal tubes probably have an advantage over glass tube 
that does not hold in the communication field. The clectrop 
tube, it must be remembered, was a baby born and nurtured 
in the communication field. The communication engineer has 
always been concerned with rather delicate apparatus, and 
the idea of a glass tube never held any misgivings for him 
The industrial electrical engineer, accustomed to working 
with ponderous equipment, developed a shyness toward the 
use of tubes which persists to this day, though Heaven 
knows he used glass incandescent lamps with no inhibitions, 
It is in this respect that metal tubes have a distinct psycho- 
logical advantage, even ‘though they are only litt! 
rugged than glass tubes. All metal tubes have heat: 
odes operating at 6.3 volts. 

It is evident now that while tubes can be classit 
cording to their function, as rectifiers, or amplifiers or more 
accurately by the number of elements they contain, such as 
diodes, triodes, tetrodes, etc., another useful classification 
is obtained when they are grouped according to their fila- 
ment or heater voltages and that is how they are classified 
most frequently. Thus, tubes will be grouped as 6.3-volt 
low-power tubes, 2.5 volt low-power tubes, 2-volt battery 
tubes, metal tubes, etc. Rectifiers and high-power tubes 
are usually grouped by themselves, as diodes, triodes and 
tetrodes. In the A. R. R. L. Radio Amateur’s Handbook 
there are 26 such classifications. 

As listed in the Wiley Electrical Engineers’ Handbook, 
they are grouped in 19 classifications according to func- 
tion. Thus Group I lists low-power high-vacuum rectifiers, 
a group which itself is diveded into half-wave and ful!-wave 
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Fig. 156. Internal structure of an all-metal electron tube. Dra 
ing courtesy R. C. A.) 
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x to fune = * Just turn that resistance-winding problem over 
rectifiers, to Clarostat specialists. You'll get two decades of 


winding experience, outstanding skill, and exclusive 
' winding equipment. 


| full-wave 


SRID CAP @ 
EAD WIRE @ 
LAD SEAL ® 

EYELET ® 


Clarostat winds all wire sizes even down to .0009” 
dia. Windings as fine as 600 to 700 turns per inch. 
Round windings up to I!/g” dia. Flat windings to 
I'/g” wide. Continuous lengths to several feet 





D WELOO ‘ ° ° fe 
M-TIGHT @ long. Intricate notched strip windings as shown at 
oad left. Also tapered strip and variable pitch wind- 
laren ings, for complicated controls. String windings in 
Roath fibre glass, asbestos, cord. 
ULATING @ Littebfurse FUSE CLIPS Solving your winding problems is our business. 
i Send for NEW Littelfuse Fuse Clip Bulletin Just put us to work for = 
paras New Bulletin shows ex- . 
genre @ Miclasive Littetiase im. * Submit Your Problem .. . 
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757 Ravenswood Ave., Chicago 40, Illinois 





August 1944—I nstruments—Page 493 








TODAY OR POST-WAR / 





t Is Important lo Measure Valuable 
Stoel Liquids Accurately, WA - 


LIQUIDOMETER Zt Gawer 


“THEYRE ALWAYS DEPENDABLE 


100% automatic. 
No pumps, valves, or auxiliary units needed 
to read them. 
Models for either remote or direct readings. 
Accuracy unaffected by specific gravity of 
tank liquid. 
Approved by Underwriters’ Laboratories for 
gauging hazardous liquids. 

Write for complete details 


THE LIAUIDOMETER corp. 


ell 


34-27 SKILLMAN AVE. LONG ISLAND CITY, N. Y. 
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EVERY DAY we are shipping these precision pres- 
sure gauges to be used in place of dead weight 
testers. They are accurate, dependable and easy 
to read. Delivery—2 to 6 weeks. 


RANGE FROM 0-60 Ibs. to 0-10,000 Ibs 
Or es MS, kis xs so 144.00 
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CLASSIFICATION OF ELECTRON TUBES ACCORDING 1 


UNCTION IIE pe 
1. Low-power high-vacuum rectifiers 
A. Half-wave 
B. Full-wave 
2. High-power high-vacuum rectifiers 
All half-wave 
3. Gas rectifiers 
A. Half-wave 
B. Full-wave 
4. General-purpose triodes (low power) 
May be used as detector, oscillator, voltag: 
power amplifiers 
5. General-purpose triodes (intermediate power) 
6. Class B triodes 
Special Class B power amplifiers—triodes and Ot riod. 
operated with no bias on control grid 
7. Class B and Class C Power-Amplifier Triodes (interme, 
ate power) a 
Used particularly for Class B and C amplifi 
cillators 
8. Water-cooled Triodes 
9. Internally screened voltage-amplifier tetrodes and pentodes 
10. Unscreened Power-amplifier tetrodes and pent 7 
11. Internally screened power-amplifier tetrodes an entoda 
12. Duodiode-triodes and duodiodes : 6 


13.. Duodiode-pentodes and triode pentodes tt 
14. Special five-grid oscillator-modulators and 1Ueney a 
converters ) 
15. Special ultra-high-frequency oscillators ue 
A. Split-anode magnetrons 
B. Electrnic oscillators 
16. Electrometers 
17. Current regulators 
18. Voltage regulators and surge protectors al 
19. Ionization gages 


rectifiers. Group II lists high-power high-vacuum rectifie; 
which are all of the half-wave type. Group III lists gas ( 
filled rectifiers, also subdivided into half-wave and full-wavam FG 
tubes, and so on. A complete list of these groups is show 
in the accompanying tabulation, There is of course nothing 
standard about this classification and various other group 
ings are possible, but it does show the wide variety of func 
tions to which electron tubes can be adapted. 


(To be cor 






EMERGENCY SET 


SOLVES PLUG GAGE PROBLEMS 





PRICE $67: 


FOR COMPLETE SET OF 36 BLANN 


AND 7 HANDLES IN CASE ACC 
The NEW Atlantic Emergency Set contains 36 cylindrical plug gece blents HE use 
in steps of 1/16" with handles, which will enable you to make any siz¢ ps lbs. 
gage 029" to 1.010" in just @ few minutes work on a cylindrical 9° a 


machine. Our blanks are oil hardened throughout, shank finish ground 
centers on both ends are lapped. Thus only the O.D. must be finished 4 
grinding when gages of commercial finish are required and by lapoing fa 
gages of higher standards. 

WRITE FOR FOLDER 


GEORGE SCHERR CO., Inc 


200 LAFAYETTE STREET, NEW YORK 12, N. Y. 
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Consolidated Aircraft 
Union Steel Products 








wey «TENSILE 
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— TESTING 
PROMINENTLY USED BY 


Lockheed Aircraft 
Gar Wood Industries 
Union Pacific R.R. 
Fisher Body Co. 
Hamilton Propellers 


aud thousands of others! 


CCURATE and light weight. Only 8 Ibs. 4 oz. Measures 
just 81/4,"x644"x3". Capacities from 0-500 Ibs. up to 0-10,000 
lbs. Hundreds of uses in lab. or shop. Priced low. Delivery 
trom stock. 


WRITE FOR ILLUSTRATED FOLDER 


Send today for 
full information 











0. DILLON & €0., ine 


5410 W. HARRISON STREET 


CHICAGO, ILLINOIS a 


















The Smallest 
OWITCH 


IN PRODUCTION AND USE! 
































a - 
Y ACRO ELECTRIC co. 
CLEVELAND, OHIO 


7,705 


PATENT NO.2 23 


This NEW ACRO MINIAC—the smallest fully enclosed snap-action 
switch in production and use—is built with the well-known 
patented ROLLING SPRING that eliminates friction, maintains 
higher contact pressure and prolongs life. 

Built with a bakelite case, it is only 1-3/16'' long, 13/16" wide 
and only a trifle over 1/4" thick. Designed with 4 mounting holes 
3/32"' diameter. Unusually well adapted for stacking in multiple 
assemblies. Stainless steel pin actuator. All parts are noncorro- 
sive. All contacts are of fine silver. Blades and rolling spring of 
beryllium copper. Single pole, normally open or normally closed 
and double throw. Available with air gaps, .010’’ to .040’’. 
Standard operating pressures in 3 ranges from 5 oz. to 20 oz. 
RATED AT 15 AMPS., 115 VOLTS, A.C. Write for details today. 


A Dann. Ce capvesnee ne oe 
New York, Chicago, Buffalo, Detroit, Dallas, Omaha, St. Paul, 


Kansas City, Memphis, Tampa, Baltimore, New Orleans, 
Phoenix, Los Angeles, Dayton, Toronto, Canada 
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fast, accurate tests. 





-QUIPMERS 








Minute Moisture Tester, as speed and accuracy. It is as easy to 


use as tuning a radio. No previous experience is needed to make 


About all you do is weigh out a sample, pour it into hopper, 
press a button, compare the meter reading with a conversion 


chart, and you have the answer. Exact results can be obtained in 


to 30 minutes or more required by old-fashioned methods. 


one or two minutes . . . and that is a tremendous saving compared 


OUR ENGINEERS WILL CHEERFULLY HELP YOU SOLVE YOUR MOISTURE TESTING PROBLEMS. 


Re 644 BROOKS BUILD 
CHICAGO 6, 


Do you want SIMPLICITY 


IN MAKING 


Moisture lests? 


Ease of operation is as much a feature of the Steinlite, One 





The Steinlite operates on the electrical im 
pedance principle . . . and is 
against the official method for each product 

It is used on a great variety of products. 


The STEINLITE 
One Minute 
Moisture Tester 
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Temperature Instruments 
(Concluded from page 472) 


The spectral response of a typical 
photocell is shown in Fig. 19, together 
with the spectral radiation from a 
blackbody at various temperatures. The 
relative response of the cell to radia- 
tion at various temperatures is indi- 
cated by the parts of the area under the 
sensitivity curve common to the areas 
under the radiation curves. Thus it 
is apparent that the sensitivity varies 
very rapidly with temperature and is 
almost negligible at 1800°F..and lower. 
The sensitivity at 1800° is so low that 
relatively intense radiation is required 
to provide a readily measurable cur- 
rent. Since most of the radiation at 
ordinary high temperatures lies in the 
infrared, it is necessary to be careful 
not to overheat the cell. This somewhat 
serious limitation of the usefulness of 
this cell is offset considerably by the 
fact that as a radiation pyrometer it 
is much less affected by the presence 
of carbon dioxide and water vapor in 
a furnace, and hence its probable per- 
formance in a particular case can be 
more reliably estimated by observation, 
than can that of a thermopile (thermo- 
couple receiver). In other words, what 
one sees by looking into a furnace is a 
rather truthful criterion of what a 
“Photronic” cell sees, while on the 
other hand the furnace atmosphere may 
appear very dense to the thermopile if 
it consists largely of carbon dioxide 
and water vapor. 
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The rapidity of response of the 
“Photronic” cell has been put to good 
use in the measurement of tempera- 
tures of hot strip in the strip mill, 
where these temperatures are high 
enough. A few hundred feet of strip 
at a uniform temperature can pass in 
view of a thermopile before its response 
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has nearly reached a maximum. The 
“Photronic” cell is much faster than 
any known indicating or recording in- 
strument. A slight hysteresis is ob- 
servable in this cell, inconsequential in 
pyrometry although of some signifi- 
cance in precise photometry. 

The characteristics of the “Photron- 
ic’ cell have been also used to advan- 
tage in the measurement of open-hearth 
bath temperatures by engineers of the 
U. S. Steel Corporation, as described 


by Sordahl and Sosman 
A. I. P. Temperature Symposium paper, 
“Measuring Open-hearth Bath Tempe: 
atures,” which was printed in 
ments, May 1940, pages 127-130 
SUMMARY 

Perhaps it would be out of place for 
us to compare the performance char- 
acteristics of the various instruments 
described, and we can leave this prob- 
lem to the claims of the makers. De- 
velopment has been fairly rapid d 
the last few years, and we can expect 
that it will continue to be so for some 
time to come. We can look forward t 
an instrument so accurate, fast, simple 
and reliable, that maintenanc 
some day be a negligible factor. 

The need for rapid recordi 
temperature is not new, but it has 
been more pressing lately, in th: 
mill and in the catalytic oil refiner 
to mention two cases in industrial 4] 
plications, and also in research labora 
tories, either for studying r: 
changing temperatures, as in quenching 
steel, or for measuring a large num 
ber of temperatures in reasonabl) 
cycles. Various 
were predicted by M. F. Behar in th 
Oct. 1940 Instruments, page 294 
7-8. So far as we are aware, 
fastest known method is in the | 
a movie camera set up before an 
of indicators, a method employ: 
long ago as 1917 or 1918 in testing 
airplanes. An electronic record 
equal this arrangement for speed might 
be expected within a few years. 
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the direct reading 
air velocity meter 


Air speed in feet per minute is read directly and instantly 
on the scale of the Alnor Velometer. Anyone can use this 
simple instrument—there are no calculations, no leveling, 
no timing, and no conversion tables. This convenient 
instrument allows quick checking of draft, leaks, velocities 
at air conditioning outlets, and any other air movement. 
Quick, accurate air velocity measurements give a valuable 
check on efficiency of equipment. 


The Velometer is made in several standard ranges from 
20 fpm to 6000 fpm, and up to 3 inches total pressure. 
Special ranges available as low as 10 fpm and up to 25000 
fpm velocity and 20 inches pressure. Write for bulletin 
with complete data. 


ILLINOIS TESTING LABORATORIES, INC. 


420 NORTH LA SALLE STREET 
CHICAGO 10, ILLINOIS 


All improved 
Movements 
corry the suffix 
2° on the top 
plote 

Full-Jeweled 
Movements are 
mow ovailable, 





Again Federal steps ahead with new improvements 
and refinements in the design and construction of its 


FEDERAL 





FEDERAL PRODUCTS CORPORATION - 


* s* - +. . FEDERAI a 


a” Cawnetes © MEASURING INSTRUMENTS 


Dial Indicators. Effective at once all models, except 
the “A” size, will include the following improvements: 


Better Proportioned Gears — Improved Pinion 
Bearing — More Accurate Alignment — 
Greater Strength — Elimination of Distortion 
— More Positive Movement Setting — 


Was the First to... 
Use Jeweled Bearings. 
Introduce Low-Friction indicators 


Reduce Glare by Blockening the 
Indicator Bezels, Cases, etc, 
Stondardize Dimensions for intefy 

changeobility. 


1144 Eddy $t., Providence, R. Tf. 
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@ Widely used for purging lines and for 
operating tank liquid level gauges... also 
in chemical processing, with different 
liquids in the bowl, to determine the pres- 
ence of undesirable or dangerous materials 
in gases. 

When the bubbler bowl is filled with 
liquid a visual indication is given by bub- 
bling. The adjustable needle valve at top 
controls the rate of bubbling. 

This Meriam Sight Feed Bubbler with 
bowl of Pyrex glass is good for line pres- 
sures up to 30 lbs. per sq. in.; of plastic, for 
pressures up to 100 lbs. Sturdily built for 
lasting, trouble-free operation. 

Available in ring type (illustrated) or 
strap type— both types providing for re- 
moval of bubbler bowl. For complete infor- 
mation on this new Meriam product write 
for Bulletin 21. 


THE MERIAM CO. 
1971 West 112th St. Cleveland, Ohio 


MERIAM * 


» Dishiumenta 
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There are three all-important questions 
concerning the behavior and output of 
your mechanical equipment: 


How Much?... 
How Fast?... 
How Steady?... 


Do you know the exact answers? 


Corbin Tachometers reveal the laggards, 
the over-ambitious or the erratic among 
your machines — at a cost negligible in 
comparison with the knowledge they bring. 

Ruggedly built and embodying Corbin’s 
cross-balanced, centrifugal governor, they 
are sensitive without oscillation. Positive, 
long-lasting, they require no lubrication 
and are unaffected by temperature or vi- 
bration. In hand or mechanical drive, they 
can be calibrated to RPM, tons per hour, 
bottles per hour, minutes drying time, 
sheets per minute —in short, to meet 
practically every industrial requirement. 


With unwavering Corbin accuracy they 


supply the vital data you need for con- | 


trolled production — and _ increased 


profits. 


Call on us for prompt, complete informa- 
tion on Tachometers. They can be engi- 
neered to meet your special requirements. 


THE CORBIN SCREW CORPORATION 
The American Hardware Corporation, Successor 
CONNECTICUT 


Pa-3 


NEW BRITAIN * 
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| The only method that can give such a 


An “Anticipatory” Control Sc] 


By C. E. DIEHL, Spanish Fork, Utah 


.eme 








HERE accurate control of chemi- 

cal reactions is necessary it is 
| desirable to determine quality of output 
| before the reaction is complete. In other 
| words we must anticipate the character 
| of the product before it is produced. 


valve-operating motors. The 
erated valves control a certa 
age of the flow of the input 
which is under control of a; 
by the adjustment of hand 
valves in parallel flow to th: 
motors are connected to the 
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result is analysis of input chemicals  versing controller and so arranved that 
and accurate proportioning of these when one is opening the valve (i, A) 
chemicals. the other is closing the valve (je, B) 


Cells A and B are conducti 
through which a small porti: 
input chemicals are by-pass: 


As the most common variation in 
quality of chemicals in solution was 
found to be a change of concentration, 
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and as concentration is measurable in 
inorganic solutions by conductivity 
measurements, this method has been 
adopted to control quantity of input as 
quality changes. 

The concentration control is super- 
imposed upon a pH controller which 
controls ratio of mix to produce desired 
output. Since the pH controller meas- 
ures output and changes input, there is 
a considerable delay before the effect 
of an input change can be measured. 
In other words, by reason of the proc- 
ess dead-time, the pH controller forms 
the mix of the unformed chemical from 
an analysis of a previously-completed 
product. If there is much variation of 
quality of input chemicals, the output 
changes in quality. At times, the varia- 
tion is throughout an entirely undesir- 
able range. The addition of the antici- 
patory type of control smooths out 
these variations. 

Fig. 1 is a schematic flow sheet. Fig. 
2 is the basic circuit of the conductiv- 
ity cells. The combined control relay 
operated by both the conductivity cells 
and the pH cell is shown in Fig. 3. 

In Fig. 1 the motors A and B are 


cells indicate the concentration of the 
solution that is passing through them. 
These cells are so connected that de 
crease in concentration of either chemi- 
cal A or B will change position of 
valves to increase flow of the weakened 
chemical and decrease the flow of the 
stronger. This anticipates the changed 
composition of the mix “AB.” 


The pH cell is likewise interconnected 
to valve motors A and B and thus 
controls the proportions of the mix of 


chemicals A and B to produce desired 
value of product delivered. 

In practice, flow is started with cells 
A and B inoperative. Upon delivery of 
desired product, the cells are cut in 
so balanced that no movement of the 
valves takes place due to the inf uence 
of these cells. The conductivity of the 
solutions changing will cause a move 
ment of the valves to correct the 
flow to compensate for this change. Th 
pH cell acts as Master Control 
quality of the finished product. 


REFERENCE 
Cc. E. Diehl. “Automatic pH Contr: Con 
verts a Batch Process to Continuous ‘0W 
Instruments, January 1941, page 15. 
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o. 4—Veneer Drying Control 













BURLING 


TEMPERATURE 
LIMIT SWITCHES 
























Photo — Pluswood, Inc. 





FAMOUS ALL-WOOD 
“MOSQUITO” of the 
Royal Air Force is 
tough, durable wood veneer 





} 







— made 





engineering specification. The 
of this 
just be as uniform as metal. Most vital 


*haracteristics veneer 










production is the drying where 
1 control of moisture content 
‘es its stability and strong cell struc- 
guarded by electronic moisture- 
powered by Burgess batteries. 














SPECIAL-PURPOSE BATTERIES have always 
been a specialty of Burgess engineers. 
Puzzling problems of size and operating 
characteristics dissolve in their expert 
hands ... your problem will be welcomed. 


FREE.; ENGINEERING HANDBOOK 


80-page manual of basic data and char- 
acteristics of dry batteries for all electronic 
tions. Tabbed for ready reference. 
Dept. 4 for free copy. Burgess | 
‘ Company, Freeport, Illinois. | 
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elite ESS BATTERIES | 








Available with 
cutting off heat, 
—with switch normally 
lamp or 
double throw switch . 


switch 


while closing alarm circuit. Sturdy, 


MODEL H 


with Manual Reset Button 


normally 
fan, 
open for 


stopping 


ringing bell—with 
. . breaks heating circuit 











closed for 
closing valve 
lighting 
single pole 


fool-proof 


reset button operates from outside case. Range 


0-1400° F; 
mensions: 51” 
easy setting. 


adjustable 


range 
x 134” x 3”. 


200-300° F. Di- 
Dial Pointer for 


INSTRUMENTS ALSO BUILT TO SPECIFICATIONS 
Send for Informative Bulletin 


BURLING INSTRUMENT CO, 


251C Springfield Ave. 
Newark. N. J. 


[: Mele eames 


PROBLEMS 


TO YOUR 

| PROCUREMENT 

> MAY LIE 

BETWEEN 
THESE 

_ COVERS! 














OVER SS 
10,000 ITEMS ~ 
IN STOCK! 


FAST DELIVERY 


Assured on Priority 


RADIO PARTS 
RADIO TUBES 


and 


INDUSTRIAL 
ELECTRONIC 
EQUIPMENT 
















800 Page 

Buying Guide 
Available solely 
to authorized 
Purchasing 
agents and en- 
gineers who 
write to us on 
company letter- 
head. Address 
Box JA. 


x 
Telephone 
BArclay 
7-1840 


& ELECTRONICS Co. 


212 Fulton Street, New York 7, N. Y. 





| Company 





| 


| and 


Now 


CONTROL ENGINEERING 


fundamentals and methods 








for 


selection and 
application of 
process controls 





servomechanisms 







given thorough treat- 
ment in this book 





AUTOMATIC 
CONTROL 
ENGINEERING 


By 
bem ED SINCLAIR SMITH ——— 








Registered Patent Agent, formerly Engineer in 
Charge of Patents, (¢ J. Taglial Mfg. Co 
formerly Hydrau Engineer, Builder I 
Foundry 
367 pages, 53.x8%, 121 illustrations, $4.00 
N° a recognized authority has gathered inte 
a convenient volume the fundament tech 
nique, and data for a complete guide to this 
specialized field. The book gives both a qualita 
tive and quantitative approach to meters and 
controllers and their plant applications, and in 
cludes the mathematical, physical, mechanical, 
hydraulic, acoustic, and electrical material neces 
sary to give engineers from any field an 
extensively useful understanding of control re 
lations. Here is a valuable guide for instrument 
men and engineers concerned with control en 
gineering, applied both in process control and in 
servomechanisms for automatic steering, regula 
tion of airplane power plants and accessories, 


combat devices, etc. 


Presents these widely - needed tools: 


¢ . , a - } 

table of plants, their regulators, and the 
performance of controlled systems formed by 
different combinations. Covers many cases or 


Riving 
ld get 


dinarily met with in control engineering, 
‘ } 
coulda 


the reader a perspective that he only 
otherwise in years of experience. 
the most efficient lling second 


methods of han 
and third order differential 


l equat ons, an 1 cubics 
—full development of the u 
equations as symptoms with determinant tests for 
stability. 


—a flexible method of attack, showing what must 
be done to the plant itself for it to be con 
trollable, how to design regulators for specified 
but yet-unbuilt plants, how to fit regulators to 
existing plants working back from response 


curves. 


10 Days Examination 


SEND THIS McGRAW-HILL COUPON 


330 W. 42nd St., N.Y.C. 18 

Automatic Control Engineering for 
10 days examination on approval. In 10 days I will 
send $4.00 plus few cents postage, or return book post 
paid. (Postage paid on cash orders.) 


McGraw-Hill Book Co., 
Send me Smith's 


Name 

Address 

City & State......... 
Position 


IN. 8-44 


(Books sent on approval in U. S. and Canada only.) 
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Practical Color Photoptometry 
(Concluded from page 474) 


health of the subject.1% Febrile states, 
mild infections (head cold, ete.) and 
hypoproteinemic states due to malnu- 
trition, as a rule decrease the duration 
of the positive after-images. 
Operating the various knobs of the 
instrument from remote controls en- 
ables one to measure the intensity and 
color characteristics of the various 
phases of recurring vision. Such meas- 
urements call for a little patience and 
entail the difficulty that in some cases 
the color of the after-image is more 
saturated than even spectral colors 
(McDougall!4). Such measurements 
appear valuable in the interpretation 


of the various electrical current actions 
taking place during the manifestation 
of recurrent vision, part of them be- 
ing now known to originate along the 
optical pathway as well as in the brain 
(Barthley15). 

teliable figures in experiments of 
the type related above can be obtained 
only if the biological material (the 
eyes) is considered in a known, stabil- 
ized, physiological state. Such reference 
state can be readily ascertained by 
means of the instrument itself, since it 
permits the determination of the thres- 
hold of sensibility under definite condi- 
tions. Indeed, it has now been demon- 
strated by Hecht1!® that at the thresh- 
old where only a few quanta of energy 
are involved (5 to 14 possibly) the 
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WAYGSCILLOGRAPH $-12 


MIDGET SIZE 


GIANT 


~~~} CAPACITY! 





Type $-12 is 
8’'x9"'xl 8” 


O; on field work—into the air 


—wherever you go, the Hathaway S-12 is the 


compact, 


performance - perfected 


instrument 


for geophysical work, field testing, and avia- 


stability of the photochem 
in the reference physiologi: 
such that possible quant 
tions of the stimulating sou: 
ing a Poisson distribution c 
be accounted for. Consequ ntly th 
light source was energized through 
suitable transformer, a voltage stghj 
lizer and a potentiometric circuit. 

The instrument was pri 
tended as a color mixer. By 
of a photometric prism and 
yellow-colored comparison a 
found useful for the detection 
ous mild dyschromatopsis. Such studig 
were performed upon subjects to } 
submitted to various psycho) hysiologi 
cal experiments!7,18,19,20 of a satis 
cal nature connected with the study , 
glare, experiments where the homoge, 
eity of the biological materia! 
ascertained. The insertion of a sey; 
transparent optotest of convenient sj 
in the above arrangement, between | 
observation area and the photomet, 
prism, makes the instrument suital 
for chromoptometric determination 
Subjects with refractometric abnorma 
ities were found to require color mix 
tures different from those composed by 
normal subjects, for obtaining equa 
haziness of the two halves of the opto 
test as seen through the apparatus 
The method is extremely sensitive. 

Obviously, the same principle could 
be applied to the construction of a sensi 
tive colorimeter eliminating all the 
disadvantages of heterochromic matech- 
es, and data will be reported elsewhere 
showing that such an instrument af: 
fords an exceptionally high degree o 
accuracy and reliability when used for 
colorimetry of solutions. 


“1 P©Oceg 
l state ; 

fluctua 
> (follow 
ve) mu 


arily jy 
ljunctig 
Standan 
A. Wa 
of vari 


(13) Jean Escher-Desriviéres and Ray- 
mond Jonnard, Etudes sur la Durée de 
Images Dites Accidentelles Consécutives 4 
Une Illumination de l’Oeil. Comptes Rendw 
Hebdomadaires des Séances et Mémoires & 
la Société de Biologie, Vol. 120, 6 
1935, pages 681-684. 

(14) W. McDougall. Some new Observe 
tions in Support of Thomas Young's Theory 
of Light-and-colour Vision. Part II: Colour 
Vision. Mind. N. S. Vol. 10, Ap 1901, 
pages 210-245. 

(15) Howard S. Bartley. Visual S 
and its Dependence on the Neurop! 
of the Optic Pathway. Biological S8 
Vol. 7, 1942, pages 87-106. 

(16) Selig Hecht. Energy Rel 
Vision. Biological Symposia, Vol 
pages 1-21. 


tion flight testing ...as accurate as your lab- 
oratory Oscillograph, as easy to take with you 
as your hat! 


(17) Robert Faillie and 
nard. Nouveau Dispositif pour | 
des Temps de Réaction Psycho: 
Travail Humain, Vol. 1, 1933, page 

(18) Raymond Jonnard and Lu 
Influence de Quelques Substances 
sur les Temps de Réaction Visuels 
Auditifs. Paris Médical, Vol. 2, Oct 


pages 273-278. 


tayn 


Galvanometers available covering 
Daylight loading of 6-inch 


Ten channels: 
wide range of characteristics: 
paper or film: Recording speeds quickly adjustable: 
Automatic record length control: Automatic record 
numbering: Simultaneous viewing and recording: All Tiak” Shameeail Reena. Miies 
controls convenient on top panel. Hathaway Instru- Desrividres, Robert Faille and Hi 
ment Company, Denver 10, Colorado. de Sachy. Réactions Psychomot1 
uelles en Relation avec Il’Eblouisse 
Projecteur d’Automobile. Comptes 
Hebdomadaires des Séances de VA 
des Sciences, Vol. 197, Oct. 2, 193 
699-701. 

(20) Raymond Jonnard, Jean 
Desriviéres and Robert Faillie. R: 
Psychomotrices Visuelles Consécutiv' 
Illumination Intense de Il’Oeil. ( 
Rendus Hebdomadaires des Séan 

r VAcadémie des Sciences, Vol. 198, 
as Se 1934, pages 1325-1328. 


Write for complete Bulletin data. 
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natrument control of temperature or pH in industrial processing is less spectacular 
than the location of enemy submarines or airplanes by the same method, but it is just 
‘3¢ important, for it makes uniform mass production possible. 


Potentiometers are synonymous with processing accuracy and for more than a quarter 
century most of these instruments have depended on Eplab Standard Cells for reliable per- 
formance. These cells are a “yardstick” for the translation of voltage to temperature or 
pH. The first commercial cells of their type made in America, they have become “as stand- 


ard as sterling” through untiring research. 
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THE EPPLEY LABORATORY, INC. 


SCIENTIFIC INSTRUMENTS 
\ NEWPORT, RHODE ISLAND, U.S. A. 
Wes 


Wy \EPLAB “STANDARD” CELLS 


For Potentiometric Instruments “As Standard as Sterling” 





Preeite Control of 
TEMPERATURES 


with H-B THERMO-REGULATORS 
and THERMOSTATS... 


H-B Thermostats and Red Top Thermo-Regulators 
(adjustable thermostats) are used extensively in both 
laboratory and production equipment. Ranges of 
application are from minus 30 to plus 350° F. and both 
straight and angle types are available. Temperatures 
can be maintained with these instruments to an accuracy 
of a fraction of a degree. Many shapes and sizes now 
available for shipment, and single units or quantity 
lots can be furnished. Write for povete 
circular. H-B Instrument Company, 

2525 N. Broad St., Phila. 32, Pa. 





The M'S‘A Hand-(poraltd 


CARBON MONOXIDE 
INDICATOR 


LIGHT IN 
WEIGHT 
oe 
NO WIRES OR 
BATTERIES 
e 
SAFE IN 
FLAMMABLE 
ATMOSPHERES 


A dependable instrument, with a wide range of 
utility in the field, the M.S.A. Hand-Operated 
Carbon Monoxide Indicator determines the per- 
centages of carbon monoxide in the atmosphere 
under test on a direct-reading calibrated meter. 
With a scale range from 0 to .15% carbon mon- 
oxide, the meter can be read directly to .005% 
and readings estimated to .001%. Light in weight, 
accurate, and simple to operate, the instrument 
is safe to use even in flammable atmospheres. The 
hand-operated pump is of four-cylinder radial 
design; built-in pressure regulator automatically 
maintains correct sample flow, indicated on a 
pressure gauge. Weighing 16 pounds complete, 
the Indicator is supplied in a leatherette-covered 
case. Write for descriptive bulletin. 


MINE SAFETY APPLIANCES CO. 
BRADDOCK, THOMAS AND MEADE STS., PITTSBURGH, PA. 


Branches in Principal Cities 
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INSTRUMENT SOCIETIES CALENDAR 








City, Society and Secretary Date Place Subject S 
Atlanta Georgia Society for Roger W. Allen, 376 Nelson 
Measurement & Coatrol Sr., S.W., Atlanta 
Baltimore Baltimore Industrial In- C. B. Willnecker, 6732 Dan- 
strumentation Society ville Ave., Dundalk, Md 
Chicago Chicago Society for A. J. Butler, 2626 W. 31st 
Measurement & Control Blvd., Chicago 
Cleveland Cleveland Instru- W. A. Stubblefield, 2085 W 
mentation Society 104th St., Cleveland 2 
Fort Worth Fort Worth Electronics Aug. 17 To be announced Electronic Gaging To be annou 
Club 
Gulf Coast Gulf Coast Instrument T. H. Pierson, 3030 Roberts St., 
Maintenance Men's Beaumont, Tex. 
Ass'n 
Hartford Hartford Society for S. J. Zelle, Whitney Chain & 
Measurement & Control Mfy. Co., Box 1410, Hartford, 
Conn. 
Kansas City KC Industrial Instru- Gordon H. Burke, 1527 Broad) Aug. 29°) — Bluebird Pressure Control Paul Elfers, 
mentation Society way, Kansas City, Mo. Cafeteria Governor C 
Newark New Jersey Society for Robert H. Gray, 1 Whippoorwill 
Measurement & Control Way, Mountainside, N. J 
New York New York Society for H. R. Kalbfleisch, 144-35 
Measurement & Control No. Bivd., Flushing, N. Y. 
N. Indiana Northern Indiana Soc. R. W. Schreiner, 4 Waltham St 
Measurement & Control Calumet City, Illinois 
, Sept. 20) Engineers Club Inter-connected J. A. Pelletter 
Philadelphia ea Society J. E. Gambrill, 1317 Instruments Oil Corp. 
i S ce § 
or Instrumentation pruce St | Oct. 18°) Engineers Club Combustion Control M. J. Boho, H 
: ; . 258) Roosevelt Hotel Inst ts and J. G. Kirkpatr 
Pittsburgh § American Society for L. M. Susany, c/o Carnegie In- a. rae iiahesiae Sadihen caiias tat 
Measurement & Control stitute, 4400 Forbes St., Pgh. , 
Oct. 23) Roosevelt Hotel Flow Measurement Eng’g L. K. Spink, | 
St. Louis Se. Louis Society for Gus Holubeck, Union 
Instrumentation Electric Co., Venice, Ill. 
Toronto Canadian Society for T. C. Agnew, Minneapolis 
Measurement & Control Honeywell Reg. Co., Toronto 
Washington Instruments Society W. A. Wildhack, 328 N 
of Washington Oxford St., Arlington, Va 
Wyandotte Instrument Society of John MacPherson, RFD No. 1, Sept. 25°") Presbyterian Process Instruments Ralph Cowan, | 
Wayne County Wyandotte, Mich. Church Hall and Control Meter Co 
(A)Meeting at 7:30, no dinner. ‘Dinner at 6 30, meting at 8 ax )Dinner at 7, meeting at 8. ‘?)Meeting at 8, no dinner 
CLEVELAND Regular meetings are held once each NEWARK 
We haven't had a meeting since May 23rd, month at which time one or more members The June 6 meeting of the S for 
but hope to have a meeting of the officers present an instructive program, on some Measurement and Control (N. J.) S at 
and program committee in the near future. specific phase or application of electronics, tended by nearly 100, including large 
We have had two speakers so far in our after which the meeting is thrown open for delegation from the New York Society. M 
short life. The first was Mr. Lyle Cahill of discussion, C. O. Fairchild, Director of Research, C. J 
the Jack & Heintz Co. of March 29, who One regular meeting has been held. The Tagliabue Mfg. Co., emphasized th: nt 
explained the operation of automatic pilots, subject was ‘Electronic Control of Resist- points of a new paper he had 
using both slides and exhibits of captured ance Welding.” The next regular meeting pleted, preprints having been sent prev 
enemy equipment. His talk was over the will be held August 17th at which time the ously to members. His paper describes th 
ble 


heads of most of us, but was nevertheless 
thoroughly interesting. 

The second speaker, on May 23, was A. 
Hejduk of the Meriam Instrument Co., whose 
subject was “Manometer Applications in In- 
dustry.” He described several unique uses of 
manometers as applied to war production, 
and also explained some of the more com- 
mon applications which many of us thought 
we understood, but discovered that we didn’t. 

Results of the election held at our May 
23rd meeting: Chairman, R. Meulenberg, Du 
Pont Co.;: Vice-chairman, W. Buhl, Jack & 
Heintz Co.: Sec’y, W. A. Stubblefield, Re- 
public Steel Co.; Treas., W. Eberle, Hickok 
Electrical Instrument Co.; Chairman of 
Program Committee, Wm. Sachse, Standard 


Oil Co. —RICHARD G. MEULENBERG 
ForT WorRTH ELECTRONICS CLUB 
FORT WORTH, TEXAS 
To the Editor of Instruments: I submit 


the following as a news item for your maga- 
zine. The Fort Worth Electronics Club was 
organized June 22nd, 1944, composed of 
nineteen charter members employed in vari- 
ous industries in Fort Worth, all interested 
generally and in some specific way in indus- 
trial application of electronics, 

The object of the Club as set forth in its 
constitution is to form and maintain a group 
of individuals, interested in the subject of 
electronics, united in good fellowship, for 
the purpose of improving each member's 
understanding and knowledge of the sub- 
ject, through study, mutual instruction and 
discussion. 
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program subject will be “Electronic Gaging.” 

Officers: Pres., Wendel C. Fowler; Vice 
Pres., Roy P. Bates; Sec.-Treas., R. A. Ely. 
July 26, 1944 —RALPH A. ELY 


KANSAS CITY 

Although some of our members were out 
of town, others on vacations, and the weath- 
er was hot (which is unusual for Kansas 
City) a representative number of our mem- 
bership attended the July 25 regular meet- 
ing at the Bluebird Cafeteria. 

William G. Eargle, Instrument foreman, 
Phillips Petroleum Co., Kansas City, Kan- 
and our Vice-president, presented an 
introductory basic lecture on liquid level 
instruments, 

Our quiz kids, Lester 
Refining Co., K. C. Kansas; 
clair Refining Co., K. C. Kansas; 
G. Eargle, Phillips Petroleum Co., K. C., 
Kansas; and J. O. Smith, Phillips Petro- 
leum Co., K. C. Kansas; entertained the 
members with their enlightening answers to 


sas, 


Johnson, Sinclair 
Roy Carns, Sin- 
William 


various questions on liquid level instru- 
ments, 
P. E. Bjork, Assistant chief engineer, 


Lindberg Engineering Co., Chicago, present- 
ed his illustrated lecture on “Furnaces and 
their Associated Controls.” What Mr. Bjork, 
better known as “Whitie’” did not know 
about furnaces and their controls was not 
asked. Whitie really put on a splendid talk, 
and the members went away knowing much 
more about furnaces and their controls than 
they had ever known before. An evening 
well spent. —W. A. REICHOW 


commercially-a\ 
[See p. 368 


fundamentals of all 
electronic pyrometers, 
issue. — ED. 
brought out one point not covered 
paper when he discussed the use 


nometers in pyrometry. He pointed ou 


galvanometers have been so high: 
oped and are capable of such tr 
multiplication of input (when u 
phototubes) that they would not b 
replaced by electronic non-balance d 
As an example of the multiplication 
tioned that a mirror galvanomete: 
sitive phototube would amplify t 
one to two million times, while n 
tronic non-balanced Cetectors only 
it several hundred thousand times 
nection he demonstrated a new g 
eter exhibiting unusual vibration- ar 
resistance combined with good zero 
Long after the meeting forn 
journed, Mr. Fairchild was still su 


by questioners, R. 
NEW YORK and NEW JER 
The New York and New Jersey 


have completed arrangements for 

sociate memberships. By the payr 

nominal fee to cover postage, a m« 
one of the societies can receive the 

announcements of the other society 
Instruments list the meetings, subj 
speakers, the announcements are 
tailed and are direct reminders. T! 
number of New York members at 
the June meeting of the New Jerse: 
attests to the desirability of this 4 


Instruments.] Mr. Fa 




















Box 168, Cambridge 39, Massachusetts. 


New York will be the host on 
when Dr. R. B. Sosman of 
search Laboratory is expected 
meeting will be held at the 
les Employers’ Association, 2 
ew York, with dinner at seven 





ng at eight o’clock, All instru- 
rs are invited. —R.H.G, 

NEW YORK 
At st Spring meeting, June 27th, 
‘i Vi of Atlantic Refining Company 
a etroleum Refinery Instrument 
* This was the most unusual 


the year as the speaker talked 
roblems of instrument mainte- 
the user’s point of view. First 
nents of such a job and the 
necessary to handle such work 
sed in detail. Then followed a 
ff the training program for in- 
mer ‘hnicians on this type of work. 
In cot on the systems used for making 
g routine tests were related along 
t method of recording the history 
strument. During the discussion 
White answered many questions 


nual Joint Meeting is planned, | 





4 ved the interest of both the man- 
tu nd the users in the maintenance 

il instruments. It was generally 

this was the most successful 

eetir f the year. —H. R. KALBFLEISCH | 





N HERN INDIANA SOCIETY For 
ASUREMENT AND CONTROL 
[ON—-FRATERNITY—DEMOCRACY 





At t July meeting of the Executive 

ymmit events to take place next year 
nd « itteemen were selected. PROGRAM 
COMMITTEE: Chairman, David Bohheur, | 
Tubular Alloy Steel; Orville Danford, Tubu- | 

r A Steel; Edward White, Socony } 


Oil Co.; Jon Beam, Cities Service 
il Ray W. Schreiner, Continental | 
Found & Machine Co. MEMBERSHIP CoM- 


MITTEE: Chairman, Robert L. Meinzer, Cities 
Service Oil Co.; Lee Dunn, Tubular Alloy 
Steel; Kenneth M. Frame, Standard Oil 


Joseph Rudman and Joseph Sgambel- 
Gary Sheet Mill, EDUCATIONAL Com- 


MITTEE: Chairman, Ernest Opocensky, So- | 
ny Vacuum Oil Co.; Paul Montgomery, | 
‘arnegie-Illinois Steel Co.; Henry F. Wag- | 
ier, Gary Sheet Mill; Charles Haynes, Red | 
River Refinery Co,; Alexander Churchman, | 
Socony Vacuum Oil Co. The committees | 
will meet during the next month. 


—K. M. FRAME | 


The Instrument Society of Wayne County | 
reports. We have about sixty members, a 
constitution and by-laws. Men occupied in 
use, maintenance, installation and repair 
f instruments are eligible as active mem-| 
bers and men occupied as salesmen, manu- | 
facturers, designers, ete. are eligible as | 
associate members. We have had several 
meetings, each consisting of a banquet fol- 
lowed by a talk by an instrument sales 
representative. Our July meeting was a 
basket picnic with coffee, ice cream, and 


—— 
WYANDOTTE 
| 


soft drinks furnished by the Society. There 
was a big turnout, a lively ball game, all 
ur families got acquainted, and the Society 
got some publicity. —JOHN MACPHERSON | 
NATIONAL TIME AND MOTION StTupY CLINIC 
Sponsored by the Industrial Management 





Society, the Eighth Annual Time & Motion 
Study Clinie for engineers, executives and 
supervisors has a program of interest to] 


veryone in the industrial field, will be held 
November 2 and 3, 1944, at the Medinah 
‘lub, Chicago, Illinois. Outstanding speak- 
s such as Allan H. Mogenson, Lillian S. 
rilbreth and Ralph M. Barnes are on the} 
rogram. The Clinic theme will be ‘More 


‘oduction with Less Effort.” 


The Fall Meeting of the SocreTy For Ex- 
PERIMENTAL STRESS ANALYSIS will be held at 
The Carter Hotel, Cleveland, Ohio, October 
17, 18, 19, 20, 1944, during the same week 
‘is the National Metal Congress, 

_Inguiries should be addressed to Society 
‘or Experimental Stress Analysis, P. O. 





| in a variety of portable and semi-portable types to 


| mutator resistance measurements are as simple to 








Have you a LOW-RESISTANCE 
MEASUREMENT PROBLEM? 


... from 10 ohms to .00005 ohms 


Need a quick, accurate method for testing bond or 
contact resistance against a predetermined low- 
resistance standard? 

Shallcross Low Resistance Test Sets are available 





facilitate the making of a large number of tests with- 
out the use of a bridge. Whether for production 
line testing of contact resistance of electrical equip- 
ment, or field testing of railway or aircraft bonding, 
they offer maximum efficiency and economy. 
Shallcross Type 645 (illustrated) is completely self- 
contained and may be used either in a fixed position For Field, Production, or 


or suspended comfortably from the operator's 2 
shoulders for field work. A connection is made to one Laboratory Testing of Low 


side of the bond or contact under test and the Pistol Resistances Encountered in: 
Grip Exploring Probe touched to the other side for a Bonds of all types 
fast, accurate reading on the meter. Bar-to-bar com- 





Radio-electronic 
Equipment 


Contact-resistance of any 
Electrical Equipment 


make as a voltmeter reading. 








<@ WRITE! The complete line of 
Shallcross Low Resistance Test Sets is 
described in the bulletin illustrated. 

Write for it today—or tell us what your ... and many others 
test problem is and let our engineers 
make suggestions, 


SHALLCROSS MFG. CO. 


DEPT. 1S-84, COLLINGDALE, PA. 


ENGINEERING «+ DESIGNING + MANUFACTURING 


Bar-to-bar Commutator 
Resistance Readings 
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Boiler Roam 


Boiler Meters 
Reduce fuel 
costs, lessen 
maintenance 
and outage, low- 
erstandby costs, 
and add capac- 
ity. They indi- 
cate, record and 
integrate Steam 
Flow from the 
boiler, record 
Air Flow sup- 
plied for com- 
bustion and record Flue Gas Temperature. 


Bailey Boiler Meter 


Multi-Pointer Gages for indicating 
drafts, pressures, differentials are available 
with any number of pointers from one to 
twelve. They are actuated by sturdy yet 
sensitive diaphragm units. 





Multi-Pointer Gage 


Flow Meters. For indicating, record- 
ing and integrating the flow of steam, feed 
water, compressed air and other fluids. 


Granular Material Meters 


For accurately measuring 
the flow of coal or other 
granular materials in 
gravity chutes from over- 
head bunkers. The total 
quantity of granular ma- 
terial is shown on a large 
illuminated counter which 
may be easily read at a 
distance of 50 feet. 





Control Systems 
Make possible the every- 
day operation of equipment for steam 
generation and utilization at test efficien- 
cies. They are applied to the control of 
combustion, feed water, superheat, de- 
euperheat and other factors. 
Complete Infor on any of the above Bailey 


products will be gladly furnis d upon request. 
G-14 


BAILEY METER 


Coal Meter 





¢ COMPANY - 





1041 Ivanhoe Rd., Cleveland, Ohio 


BAILEY METER COMPANY LTD., MONTREAL 


Page 504—Instruments—Vol. 17 


METERS and CONTROL 








The Month’s NE 
INSTRUMEN 












In this department we report each month new devices for measurement, in. 
spection, testing, metering and automatic control—in the form of concise tech. 
nical descriptions. When writing to manufacturers directly, please mention this 
department. Or write to Information Section, Instruments Publishing Company, 















Multi-Contact Timer 


for Remote Control 

New Multi-Contact Timer for remote con- 
trol is used to control a series of machine 
operations in definite order; to automatic- 
ally reverse or alternate in operation a 
group of motors, 
machines or de- 
vices ; to operate in 
a predetermined se- 
quence a series of 
signals, valves or 
solenoids: and for 
sequence operations 
Its solenoid start- 
ing mechanism is operated from a remote 
control momentary start button, so that the 
timer will go through its complete cycle or 








any part of its cycle of operation and 
stop. Reclosing momentary start button will 
either continue or repeat cycle (as the cass 
may be). Timer can be arranged so that 
in event of a power interruption it is neces- 
sary to again press remote control start 


button to continue the cycle, or, after powe1 
is restored, to automatically continue cycle 
of operation.—The R, W. Cramer Co., Inc., 
Centerbrook, Conn, 


Rheostats with Percent Scales 


and Clamps 
New line of “Rex” protected rheostats 
features improvements, among which is a 
seale dividing the length of the winding in 
100 equal parts. Fig. 1 shows in actual size 





ELIS) 





Fig. | 


a portion of the scale used for “Type 6.” 
Ohmic value of resistance in circuit is the 
same as the value stamped on nameplate, 
multiplied by the number under the mark 
on the slider, divided by 100. This value 
will be of help to the operator in that he 
ean easily determine amperage in circuit, 
when voltage and load resistance are con- 
stant, without the use of an ammeter. Scale 
also enables operator to mark special points 
so that the rheostat can be reset easily. 
Listed rheostats of the six different sizes 
are furnished with these scales at no addi- 
tional cost. Fig. 2 shows the rheostat with 
new slider clamp, which enables the user 


<—SLIDER CLAMP 





Fig. 8 





Le , 





to fix slider in 
cannot be 


any position so 

moved accidentally 

other such as vibration. | 

“Rex” rheostats can also be fur : 
this slider clamp.—Rex Rheostat Co., 8 For 
hurst Road, Baldwin, L. I., N. \ 













































forces 





Extremely Small Snap Switch 
New “Miniac’”’ snap switch is to be 
“the smallest fully 
switch ever built.” It 
high and long. It 


enclosed 
is 1% “lad { 
utilize 


1%6” 


a eel 
ACRO ELECTRIC CO. 
CLEVELAND, OHO 


parent 0.2 250705 





rolling-spring principle 
scribed in Instruments, 


which w 
August 





222, but with a new design 
size. Fully enclosed in a Bakelite 
four 340” mounting holes, Actuat 


a stainless steel 
non-corrosive 
silver. Main 


pin plunger. All 
and all contacts 
blade, contact blade, 
ing spring of beryllium copper, R 
amps., 115 volts a.c. Furnished 
pole, normally open and normall 
double-throw. Designed to permit 
or overtravel plunger type actuat 
attached to Acro Electric ( 
Superior Ave., Cleveland 14, Ohio 


case. 


Dilatometer 

New dilatometer, for high-ten 
testing of foundry molding and 
materials, has a furnace that will operat 
between 500 and 3000°F. Test sg; ! 
size 14%” diam. and 2” long. To determine 
hot strength of specimen, specimen 
loaded in furnace by means of a 










motor- 


























































nent, in- 
ise tech- 
tion this 
OM Pany, 






In chemical industries, synthetic 
rubber plants, oil refineries...any 
plant, piping precious or poten- 
jially hazardous fluids...a mistake, 
whether unintentional or deliber- 
ate, in adjusting a chemical pipe-line valve can prove both 
dangerous and costly. But prevention of these human errors 
is easy and infallible with BENDIX-CORY* SAFETY INTER- 
LOCKS...the locks that say “No!” to unauthorized 
ENT BRAS handling of your valves. 
. The BENDIX-CORY SAFETY INTERLOCK illustrated 
gives absolute control over the opening and closing of the 
1 valve to which it is attached...and, by use of an interlock 
te case with key, can also control the position of this valve in relation 
lH to any number of other valves. The unit is wholly me- 
fe Of ft chanical, and fully adjustable to compensate for valve wear 
Rated at 1; —one of a number of interlocks specially designed for 
aoe pte valve protection. 
As safety men of the Bendix “Invisible Crew,” 
ic Co., 1824 BENDIX-CORY SAFETY INTERLOCKS are dependable 
guardians for your pipe-lines. Write for full information. 








temperat 
nd 

will operat 
it speci 


> determine 
pec imen is ‘ 
f a motor- Cc H E 
em valves 2 
lead and pore 
nin 
sntrol of valve. opening 
O 
H conditions. 


2an relation to 
tics. 


TURES 
: ion without 


ital fi t do f n tallot: 


removing lel h As from service. 
i ic \ 
si 


valve open or aaa ee 
Adjustable compensato 


K THES 


to 8. Other in 


interlocks st gr peri 


srlocks for glo obe, at 
Absolute ¢ by 
; fr vaiv : 
losing unce! re) om ye 
Positions va've , 

a characters 


th 
t 
Ample strenG 





*TRADE MARK OF BENDIX AVIATION CORPORATION 










Produce of this division are members of 
The Invisible Crew’ — precision equipment which 
30 Bendix plants from coast to coast are speed- 
ing to our fighting crews on world battle fronts. 







ne 


_ MARINE. ‘DIVISION © “One Hanson Place, Brooklyn, New York | 
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GETS Tee driven hydraulic-operated plusicr 
may be used to load specime: a 
sion. Compression strength jis Pn 
COPPER OXIDE LAYER 


a large test gage. Expansion 
EUTECTIC LAYER 









| of specimen is readily obtain: 
thermal shock or for gradual! 
| rise. Both free and confined ; 
contraction tests can be made 
unit also lends itself to spall 
| either shock or gradual temper 
| sion. Accessories are availabl 
| hot permeability of materials 
y peratures. Gas pressure creat: 

‘ | rials at high temperature is a] Caen 
COPPER BASE , with this unit. For studying bleounl 


COPPER CRYSTAL LAYER 

























sories are available for detern meta 
penetration, veining and gro e Win 
this same equipment, one may ; ire 
facing or protective value of \v is f 
dry or glazing materials. All ntrol 
are mounted on a panel, makin 
self-contained and easy to oper 
W. Dietert Co., 9330 Roselawn A 


Magnifier for Graduations of 
Machinists’ Micrometers 
New “Magna-Eye” is a special gnifier 
|of methyl methacrylate, fitting closely oye 
scale of hand micrometers such as are used 





CONANT RECTIFIERS | 
tJ | 
The Standard of Perfection 
In the manufacture of Conant rectifiers, the layer | 
. . . ‘ : . by toolmakers, inspectors, etc. Co tior 
of copper oxide is formed in the usual manner | o¢ magnification and light-gathering makes 
but it is then caused to alloy with the underlying | sraduations readable under poor illumin- 


f : 1 “ tion, speeding up production. Announcement 
copper to form a copper- copper oxide eutectic. | states also that “Magna-Eye protects tl 


Then by careful control of timing and tempera- | micrometer from dust and dirt, mo 
tures, the eutectic alloy is caused to crystallize in a ecuusinent a" mebiedaet ae 
form resulting in a very stable asymmetric junction | W- Lake St., Minneapolis 8, Minn 
especially suited for instrument applications. The seh NE oo = 
molecular structure of the junction so formed te- 
quired the development of new and unusual 


processing methods. 


Portable D-c. Power Supply 
New portable d-c. power supply 
signed for use on assembly lines, in 
tories and maintenance department 
testing and operating all electri 
Every ‘step in the Conant process has been cor- | electronic equipment In aircraft ar 
| > ring 12- 24-vo syst 
rectly developed. From the precision lapping of a gt os a ; 
the discs, through the application of the con- | 
tacting layers and chemical treatments, to the final 
assembly, each careful operation assures a rectifier 
assembly that will give the utmost satisfaction in | 


instrument service. 


hora. 











Yes, Conant rectifiers are different, because of the 
extra care and the plus precision that go into their 
manufacture. Their enviable record of service is 
the proof. 


—_— 
@eeeeeeeaeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee 





Initiument Rectifiers 
ELECTRICAL LABORATORIES 


6500 O STREET, LINCOLN 5, NEBRASKA, U.S. A. 



































20 Vesey St., New York 7, New York 2017 Grand Ave., Kansas City, Mo. 4214 Country Club Dr.,Long Beach7, Cal. 










85 E. Gay St., Columbus, Ohio 7935 Eustis St., Dallas 18, Texas 4205 N.E. 22nd Ave., Portiand 11, Ore. 
600 S. Michigan Ave., Chicago 5, lil. 4018 Greer Ave., St. Louis, Mo. Caixa Postal 930, Sao Paulo, Brazil 
1215 Harmon Pi., Minneapolis 3, Minn. 1526 Ivy St., Denver, Colo. 50 Yarmouth Rd., Toronto, Canada ¢ 
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| foundry problems, test methods tae fall 


| Mich. ) beakage 


nti 














pl _— a. sed to taper charge batteries 
en Mic batt rts of similar voltages. Unit 
is r acsigt » operate from 3-phase a-c. 
Maca : e, ind 230 volts. Three models 
ne ther si offe No. VA1500,” with d-c. output 
ul temperature 10 t Its at 100 amps. or 20 to 32 
sion. illolts nps.; “No. VA3000,” with d-c. 
le sheen Smut of to 16 volts at 200 amps. or 20 
ll] tests ay) t 100 amps.; “No. VA4500,” 
1 ns @ ut of 10 to 16 volts at 300 
le ie - 32 volts at 150 amps. Models 
: d-c. output but for operation 
te vc. are also available. Rectifi- 
al a vided by maker’s magnesium- 
OM a ‘ ide dry disk rectifiers —P. R. 
ds hi ananl allory , Inc., Indianapolis, Ind. 
. met ee eae ad 
‘or 4 . 
ye Wit «Hydraulic Lock Valves for 


various fou - Leakage Safeguard 












n Three w small light-weight hydraulic 
er k V are designed to protect vital 
A ) trols iinst operation failures due to 


ey lock hydraulic fluid in cylin- 


tions of 
neters 


ial Snifler 
cl Sely over 


ders or hydraulic motors until the direc- 
jonal control valve is operated, thus main- 
taining pressure in mechanism. They hy- 
draulically lock the cylinder and are opened 
by pressure released by the selector valve. 
‘Yitical operating parts are of corrosion- 
resistant steel. Bodies are of dural bar 
ek free from porosity. A thermal relief 
incorporated in each lock valve 

; port to be bleed off excess pressure 
mn. it 1200 to 2000 Ibs./in.2 depending on re- 
quirements. Operation range is from—65°F. 

160°F. “Type D12940”" (illustrated) 


Supply weighs 1.18 Ibs., measures 4” X 2%6” X 
zie 14”. Valves may be obtained for various 

ply S de. ‘ : . ‘va 
: ah tubing size installations.—Adel Precision 

n sal we BProducts Corp., Burbank, Calif. 

TL 

tri ‘ ; 

and othe Pressure Switch 

systems. It _ , : . 

’ New pressure switch is designed for sole- 


Ives, for automatic control of oper- 
ting eycles on hydraulic machines, for 
ntrolling of pumps or compressors, for 
p ing and safety controls in chemical 


| eee 











*Trade Mark 
Reg. U.S. Pat. 
Of. 





this 3-POUND 
MIDGET “MEGGER”* TESTER 


generates 500 VOLTS 
and reads up to 50 Megohms 


Basically designed for maintenance men, this mighty midget 
is used by many engineers for testing insulation resistance 
of practically all types of electrical equipment. Because it is 
small enough to fit an overcoat pocket or tool kit, and be- 
cause of its instrument accuracy and machine ruggedness it 
has proved itself indispensable for maintenance and trouble 
shooting, even where higher range “Megger’”’ sets are avail- 
able. The hand cranked generator delivers 500 volts and 
since no batteries or external power supply are required, it 
is always ready for use. . . anywhere. 

If you are not already familiar with this smallest and in 
many ways the most remarkable member of the “Megger’”’ 
family, write for Bulletin 1545-I and Catalog 1685 - I. 


Ask also for Bulletin 1735-1 describing 
the new U. S.-made “Megger” Testers. 


JAMES G. BIDDLE CO. 


1211-13 ARCH STREET - PHILADELPHIA 7, PA. 


~ 
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THE LONG-LIFE PIVOT 


Permopivots are tipped with Permometal , a highly de- 
veloped precious metal alloy ... the product of Permo’s own 
metallurgical laboratory. The unique qualities of Permo- 
metal make it ideal for tipping precision pivots. It has an 
extremely low coefficient of friction, eliminating the need of 
oil... it is non-corrosive and non-abrasive. Actual tests 


definitely prove Permopivots keep precision instruments 


accurate longer. 
MANUFACTURING 


PERM 0, Incorporated METALLURGISTS 


6423 RAVENSWOOD AVENUE «+ CHICAGO 26, ILLINOIS 


Write today for complete details 


The ONLY handbook of its kind 
MAINTENANCE AND SERVICING 


OF ELECTRICAL INSTRUMENTS 


By JAMES SPENCER, in charge of Instrument and Relay Dep't, 
Westinghouse Elec. & Mfg. Co., Newark, N. J. 


Reprints available 
INSTRUMENTS PUBLISHING Co., 

1117 Wolfendale St., Pittsburgh 12, Pa. 
Enclosed is $ for 
copies of Maintenance and Servicing of 
Electrical Instruments (at $2.00 each). 


Suoutp be of great value to all those 
whose problem is to keep in operation 


the electrical instruments on vital war pro- 
duction as well as on war equipment. 


Cloth, xii + 





256 pages, } X 84 inches, 


es < Ss Pee: ae ee ee 274 illustrations. 
NE kaha er ee Price, $2.00 postpaid 
+ ee ee a ee ee ee Check, money order or cash must accompany order 
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industries, etc. Its primary 
direct-action type pressure 
to withstand shock loads on 
which are “tough on gages 
operates a snap-action switcel 
able scales are provided for 

cutout and differential. Pressu 
4” Am, std. pipe tap. Electrix 
provided for *4” conduit. Swit 
on a steel base with two 

holes and is covered by a ] 
metal housing with removablk 
glas window permits observat 




















































characteristics (a.c.) 10 amp 
5 amps. 250 volts; 2 amps. 
hp. 115/230/460 volts. All 


single-pole, with normally-clos: “ 
open or double-throw contact 


Also available as a maintai: ted New 
type switch with manual re rioy Meter 
pressure ranges available.—H¢ s Ele igmmelect! 
& Mfg. Co., 2416 Atlantic A kl for me 
$3, N. Y. 
Glass Surface Plate 
New “Opti-Flat” is an optica 











glass master surface plate, flat 
lionths of an inch, giving the to 


extremely accurate surface fro: 


ls. et 
conduc 
It 


of the 


is ¢ 


It is s 
tremel: 





Advan 






than 1 
conten 


begin. “Opti-Flats” are said to bi 
resistant to abrasion. They are 2 
the 12” size and 3” thick for the 
to prevent warpage and breakagt 
inspected by means of optical flats 


nealed and free from strain, and I 

distort over a period of time.” T} . Tu 
Scherr Co., 200 Lafayette St., N } Nev 
2, Ns 2 wear- 


Monochromatic Light Source JJe<°s 


New “DoALL Monolight” 
provide monochromatic light, is sa 
large adjustable capacity as well 
pactness. Helium is obtained in 
purified form. The yellow light is 
intensity, giving greeter illuminat 
distinguishing the “fringe” or int 


uses | 




















rom this lamp, when observed 
nrough LL Optical Flats,” produce in- 
srferenct nds of 11.6 microinches. It is 
aan t 1d variations in flatness with- 
lor of an inch. Capacity—Maxi- 
lamp to table, 12”; minimum 
to table, 846”; projection head 
9 and 21° down; rotates 360°; 
‘ection »ead removable for inspection in 
Ne ght 12 lbs. Operating current, 
14 “Untinga volt 60-cyele single-phase.—Continental 

; ee ., 1801 Washington Ave. So., 
Minn. 


band. Lig 






tl ‘ect; , Minned} $s 


\foisture Meter for 


ranular Materials 


New \G Dielectric Type Moisture 
' ipletes maker’s line of rapid 
oisture testers. It is designed 
ng moisture content of powders 



















or granular materials such as dehydrated 
ps, flour, plastic molding materi- 
for which maker’s other electrical 
conductance instruments are not suitable. 
It is designed for the precise measurement 
of the dielectric property of a test sample. 
It is said to be electrically simple but ex- 
tremely sensitive. Sensitivity is said to be 
the result of a unique electronic method. 
Advantage is taken of the fact that the 
dielectric constant of water is about 80 
while that of common substances is less 
than 10. Thus, a slight change in moisture 
content has a marked effect (in nearly all 
cases) on the dielectric constant of a sub- 
ance. With this instrument, moisture de- 
‘minations can be made in less than two 
nutes. Models are available for operation 
on 110 or 220 volts a.c., various frequencies. 
None made for d-c. operation.—c. J. 
gliabue Mfg. Co., Park & Nostrand Aves., 
Brooklyn 5, N. Y. 

















rhe ‘ieory ag Tungsten Carbide Gage Blocks 


N ; New gage blocks are made of tough, 
wear-resistant tungsten carbide, are said 
to be ld to extremely close limits, often 
well within claimed tolerances. All-carbide 

Source gages are available in three sets: of ten, 


two, and two blocks respectively. There is 
l nounced one set of 81 steel blocks 
With two 0.050% tungsten carbide wear 
locks. The ten-block carbide set ranges in 
size from 0.050” to 0.0509” in steps of 
The two smaller sets are intended 
ly to be used as wear blocks with 
ge blocks. One contains two 0.050” 











Advanced Technique For Calibration 
of Reed Frequency Meters 









Pickup Permanent 
smoagnet 
































_N 


WOORL ASA PREOLENCY METER 






a vibrating reed against the 
sound of a tuning fork may sound like 
double talk ... but that is essentially the 
principle in the exacting process of J-B-T Frequency Meter calibration. 


Tuning forks are the most dependable source of mono-chromatic vibra- 
tion frequencies, so J-B-T engineers devised equipment, the only equip- 
ment of its kind, to translate the frequencies of temperature-controlled 
tuning forks into electronic impulses. These impulses are delivered to the 
stroboscopic and electronic calibration equipment at the assembly and 
inspection stations where they are used visually to 

prove the accuracy of every J-B-T Frequency Meter 

reed. And still not satisfied, J-B-T engineers check [7 







these master tuning forks daily against time signals 
from the Bureau of Standards. 


The superiority of this equipment for frequency test- 
ing, exclusive with J-B-T, is recognized by authori- 


ties in the electrical industry and in the war effort. sen for illustrated 


It is one of the reasons why J-B-TMeterscanbeguar-  puveta gris. “Soo 


anteed permanently accurate to + 0.3% or better. Z®.meters. And the 


a meters. 
For all 342” instruments, black molded cases are now available 
to meet highest government standards and the mounting dimen- 
sions of ASA C 39.2—1944 and proposed JAN-I-6, 


(Manufactured under Triplett Patents and/or Patents Pending) 





J-B-T INSTRUMENTS, INC. 


443 CHAPEL STREET @© NEW HAVEN 8, CONNECTICUT) «spr; 
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Ingenious New 


Technical Methods 


Presented in the hope that they will 
prove interesting and useful to you. 













Revolutionary Hy-cycle Automatic Arc 
Provides Complete Control of Arc and Heat 


At last, a development that automatically starts the ti 
arc before the welding electrode actually comes in it! 
contact with the work! Eliminating the “pecking” \ 
or “scratching” that so often creates tension and rit ) 
operator fatigue. Its many advantages contribute \\\\' 
largely to saving time and labor because an oper- *}) *\', 
ator can be trained in far less time than usual, and — 
higher speeds can be obtained.This hy-cycle auto- 
matic arc unit, called “Missing Link,” permits the ~ 7 
Operator to weld with any welding rod, bare steel 

or alloy. Rods that could not be used before can be 
burned with ease—such as bare mild steel, dust ~/. 





































coated, reverse polarity, aluminum, bronze, stain- Bi Hy poy 
less steel, etc., AC or DC. BAR RNIN SS 
One of its most important advantages is weld- Simplifies welding vertical 
ing light gauge. Light gauge requires low heat— and overhead 
making many jobs almost impossible for ordinary 
. methods. Since the “Missing Link”’ starts auto- 
matically on as low as one ampere of heat, the . 

: . fi esi 
welding of light gauge sheet can be done with sur- 4) fo ip ‘eh OGIO 
prising speed with no time out for “pecking” and  j Zales ve 
“sticking.” i 


You all know that our fighting men need the 
finest quality materials that we here at home can 
produce. That goes for Wrigley’s Spearmint Gum, 
too. Although our stock pile of quality raw ma- 
terials is getting lower and lower we are main- 
taining our standards of quality. Naturally, we are 
forced to limit production. So we are giving pri- 
ority where it is needed most—and where you 
want us to—our fighting men and women overseas 
only. Because chewing gum is essential to them— 
they are getting all of our limited production of 
Wrigley’s Spearmint Gum. 





Makes it easy to weld light 
gauge work 


You can get complete information from Mid-States Equip- 
ment Company, 2429 S$. Michigan Ave., Chicago 16, Ill. Y-133 


To the Instrument Man With IDEAS 


[ you have designs or patents ment, inspection, testing and 
for post-war production and control. 

sales, the Post-War Product Write to Post-War Products 
Service of The Instruments Pub- ‘Service, Instruments Publishing 
lishing Company will gladly put a i rrp wan 12, Penna., 
you in touch with interested Sones Seeee Seaeeapeees of pour 


7 Lapin idea, so that this Service may 
companies manufacturing instru- refer it to the interested com- 


ments and devices for measure- panies. 






This ig not the advertisement of any manufacturer or group of manu- 
facturers, but a notice from The Instruments Publishing Company as a 
service to its subscribers and advertisers. There will be NO CHARGE 
to the engineer offering the idea or to the company receiving the leads. 


Page 510—Jnstruments—Vol. 17 












blocks ; the other contains tw 
Shown here are the ten-bk 








two-block set, size 0.050”. Ay 
vantages claimed for Janssor 
Blocks is remarkable ease y 
wring to form combinations. 


ticular importance in handli; 
All sets are packed in dur 
cases.—Jansson Gage Co. 


Ave., Detroit 23, Mich. 


Two-circuit Time Delzy Relay 
New “Type TDSA” and 1 
Delay Relay is designed to | ; 
nitely varied operation of 
relation to the second circuit 






for surface mounting for either front 
rear connections and is especial! lesiene 
to withstand momentary shock « litions 
The R. W. Cramer Company, | Cente 
brook, Conn. 





Valve Positioner j 

New “Throttltrol” is designed 
variations in heat requirements « rm 
and process equipment by positioning 
valve in the fuel line. It is essentially 





simplified valve-positioning device 

for use with any control instrums« I 
high and low contact arrangement. It 
rects variations in heat requirements 
to changes in load, control setting 
fuel pressure, Btu values and 
efficiency. At a given setting, it w 

a fuel valve to open only the d 
tance when the two-position cont! 
ment is in its ON position. In thi nner 
it permits a more even and constant fiov 
of fuel to burner and minimizes nger of 
overshooting when fuel supply is « r ful 
on or entirely off.—Wheelco In: 
Co., Harrison & Peoria Sts., Chic 





Torque Wrench . 

New “Livermont Torq-Stop W 3 
said to solve problem of applying 
plastic closures to glass and ot} 
of containers at correct tightness 
proper sealing without damage t losu! 
gasket or container. When proper tordu 























gt 
















new wrench gives both an 






WwW 
bli - ictile signal. Audible signal 
At es k; tactile signal is trans- 
mn =n ill blunt plunger which taps 
v « A Micarta head, built to 
, r nf ll tightened, operates without 
lin ad iterial. These wrenches are 
1 +4 7 6 ta mined torques of 8 to 750 
it accordance with require- 
They are sealed at setting 
ry more than +2% so that 
; ers can immediately achieve 
del: Relay oe operation.—Richmont, Inc., 
. ) 3 " eet, Los Angeles, California. 
t 


Cylinder Base Thermocouples 

+P - New imbedded type base 
| thermocouple is said to 
supersede the orthodox 
staked type base unit. 
Main features are said to 
be simplicity of design, 
ease of installation and/or 
removal, Use of selected 
and checked thermocouple 
wire of controlled accu- 
racy is said to insure pri- 
mary purpose, i.e., to indi- 
eate high cylinder wall 
and piston temperatures. 
It is known that piston 
temperatures have the 
same effect on detonation 
and allowable fuel con- 
sumption as high cylinder 
head temperatures. High 
piston and cylinder wall 
temperatures also cause 
troubles. These thermocou- 
ples are made as individ- 
ual units or woven in har- 
















rr oe 





ner | nesses with any specified 
med to corre | number of units for com- 
nts of fur: pact and simplified multi- 


positioning 


3 essentially 


| ald 
inder installation.—The Revere Company, 
bept. I, P. O. Box 304, Wallingford, Conn. 





Industrial Thyratrons 
Three new electron tubes for industrial 
rol purposes are announced: (1) New 
303” is a l-amp. xenon-filled Thyra- 
ron especially designed for the industrial 
eld and suitable for use in a wide variety 
f equipments such as industrial control 
Including welding control), motor control, 
nd controlled rectifiers. Being gas-filled, 
his tube is quick-heating and is free from 
fects of large temperature changes. In- 
rse peak voltage rating is 700 volts. Be- 





vice desig ause Of its special design, “CE-303" draws 
‘ume A y critical grid current, maximum limit 
ment. It ¢ microamperes. It uses a standard 
ure! n base. (2) New “CE-305” gas-filled 
tin W@ehyratron is a medium-current tube that 
d « ; ll stand higher-than-usual voltage. Be- 








THE STANDARD OF- QUALITY FOR A 





At all the Fighting Fronts on land, aboard ship and in the air, 
the Army, Navy, Signal Corps and Air Corps are using thou- 
sands of HICKOK panel meters, aircraft meters, portable meters 
and other electrical instruments with confidence in their utmost 
reliability. What greater tribute could be paid to a good name 
that has been symbolic of fine instruments for more than a 
third of a century? 


THE HICKOK ELECTRICAL INSTRUMENT COMPANY 
10519 DUPONT AVENUE CLEVELAND 8, OHIO 





THIRD OF A CENTURY 
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SMALL and 
RUGGED —- ez 
SENSITIVE and 


ACCURATE! 


The MJL No. 163 
RATE OF FLOW INDICATOR 


(Differential Flow Type) 


RUPTURE - PROOF 
BELLOWS 
* 


WILL WITHSTAND 
EXTREME OVER RANGING 


Unique rupture-proof Bellows Unit 
takes the place of the mercury 
column commonly used in instru- 
ments of this type. 


* 
HANDLES HIGH PRESSURES 


Can be furnished for use 
with line pressures up to 
1,000 Ibs. psi. 


* 
REQUIRES LITTLE SPACE 


34%" in diameter—4” long 


EASILY INSTALLED 


Write for Illustrated Bulletin No. 163-1 


MOREY & JONES, LTD. 


Industrial Instruments 


922 South Hemlock St. 
LOS ANGELES 21 CALIFORNIA 


Baas 
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fore the introduction of this type, it is 
said, no gas-filled tube in this current and 
voltage range had been available. “CE-305” 
is particularly suited to resistance welder 
control, motor control, and controlled recti- 
fiers. Being gas-filled, it is especially suit- 
able where large temperature changes are 
involved. It is quick-heating. It has a maxi- 
mum peak inverse rating of 1,700 volts. It 
has a d-c. output current rating of 2 am- 
peres. (3) New “CE-306” is a gas-filled 
grid control tube or Thyratron designed to 
give high efficiency with a long life. It is 
rated at 6 amperes continuous load. Peak 
forward volts (max.) 750. Peak inverse 
volts (max.) 1250. Mechanical dimensions: 
height 94%”, diameter 2”, It is designed for 
general industrial electronic use, such as 
motor control for various uses, resistance 
welder control, controlled rectifiers, etc.— 
The Continental Electric Co., Geneva, IIl. 





Precision Gage Instruments 


New complete line of gage instruments, 
for broader application of gage blocks, is 
constructed to the same accuracy as pre- 
cision gage blocks and is not to be confused 
with ordinary measuring attachments. Set 
comprises twenty instruments which, in com- 
bination with gage blocks, will perform 
“practically all’ precision measuring func- 
tions. With gage holders and caliper bars, 
any type of “go,” “no go” snap gage can 
be made up in a matter of seconds, accurate 
to millionths of an inch, and as easy to use 
as any standard snap gage. Instruments 


also provide means to make a precision 
height gage, accurate to microinches and 





fulfilling all the duties of a standard height 
gage. Set includes trammel points and cen- 
ter points for checking layouts, scribing 
ares or parallel lines, checking center dis- 
tances or thread lead. For determining flat- 
ness of finished work there are included 
quartz optical flats and a high-intensity 
monochromatic light. For precise angle 
measurement a 5” sine bar enables angles 
to be checked to four seconds of arc. An ad- 
justable vernier gage enables gage block 
combinations to be made in increments of 
ten microinches, All these new gage instru- 
ments receive the same stabilization by 
treatment at —120°F. as do maker’s gage 
blocks. Sold separately, each instrument is 
supplied in a wood case. Entire set of in- 
struments is available as “a complete in- 
spection laboratory,” enclosed in a specially 
made walnut case.—Continental Machines, 
Inc., 1301 Washington Ave. South, Minne- 
apolis 4, Minnesota. © 





Four New Industrial Types 


of Electron Tubes 


Said to be typical of the wide variety of 
special electron tube types being developed 
and made available by undersigned manu- 
facturer are four new types whose func- 
tions range from production of high-fre- 
quency power for industrial heating appli- 
cations to the measurement of low light 
intensities of the order of starlight. Quartet 
includes a 25” high forced-air-cooled trans- 
mitting triode weighing 235 Ibs. and a 1%” 
























Post Wa: 
Clock Movenents 


CHELSE: 


Our production of special clock 


movements and clockwork mechan. 


isms for recording instruments mug 





wait until this war is won. Meanwhile 
we would welcome the opp tunity of 
working with you in developing your 
post-war designs. 

Remember, Chelsea has been mat 
ing special movements for recording 
instruments for many years. 


Buy 
Anoth er Bond 
Today 





CHELSEA 


CLOCK COMPANY 
305 EVERETT AVE., CHELSEA 50, MASS. 














NEW POST-WAR 
PRODUCTS AVAILABLE 
FOR MANUFACTURE 
AND DISTRIBUTION 

UNDER LICENSE 


ELECTRIC MICROMETERS 
ELECTRIC THERMOMETERS 
ELECTRIC TACHOMETERS 
ELECTRIC HYGROMETERS 


Remote Electrically Indicating, 
Recording and Controlling. 
Operate from commercial volt- 
ages and frequencies through 4 
new system of Micro Electrical 
Measurement. 

Providing simple accurate and 
permanently dependable per- 
formance. 

We develop Electrical Instru- 
ments for manufacture and dis- 
tribution under license. 


Correspondence Invited f 

Manufacturers Interestec 

Post-war Manufacture 
and Distribution. 


e 
ASHCRAFT AUTOMA ‘IC 
CONTROL COMPAK * 


1415 WEST HOWARD STE<ET 
ILLINOIS 


23 


CHICAGO, 
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EA 
[PANY 
EA 50, MASS. 








This pigtail-contact 
mode! is only one of 
a series of mountings 
and indicates only 
one of the complete 
range of Luxtron® 
cell shapes and sizes 
available, 






WAR 
AILABLE 
CTURE 

UTION 

ENSE 


METERS 
METERS 
METERS 
METERS 


Indicating, 
slling. 

rcial volt- 
through a 
Electrical 
irate and 
ble _ per- 





LABORATORIES. INC. 


3 
82 Mgado. Street. New Haven 10.-Conn 








Thyratron weighing half an 
Forced-air-cooled “RCA-9C22” 


(1) 
its 


ounce. 
and (2) 


“sister” tube, water-cooled “RCA-9C21,” 
are both suited for use in large units for 
high-frequency heating. A pair of 9C22’s, 


operated as unmodulated class C oscillators, 
will provide a tube output up to 130 kw. 
A pair of 9C21’s under same conditions will 
furnish up to 200 kw. These new types may 
be used with maximum ratings at fre- 
quencies as high as 5 Mc. and with reduced 
ratings at frequencies up to 25 Mc. Design 
features include a multi-strand single-phase 
tungsten filament, and an entrant metal 
header which provides short internal con- 
nections between filament and filament ter- 
minals, providing an extremely short, low- 
inductance path to the grid. This feature is 


of particular importance for operation at 
the higher frequencies. (3) New “RCA- 
2D21” xenon-filled Thyratron, despite its 


tiny size, provides stable operations and a 
high control ratio for a variety of functions 
as an electronic switch. It will carry 0.1 
amp. plate current continuously, and for 
periods up to 6 seconds out of 30 will safely 
earry 0.5 amp. Xenon filling obviates limi- 
tations imposed by use of mercury on 
mounting position and need to restrict mo- 
tion while in operation. Other features of 
this gas-type tetrode include quick heating 
(anode voltage may be applied 10 seconds 


after application of heater voltage), wide 
temperature range (—55 to 90°C. with 
little change in operating characteristics), 


low internal drop (only 8 volts), low pre- 
conduction current, versatility of control 
(either by shield grid or by control grid), 
and high sensitivity. (4) Perhaps most sen- 
sational is new 9-stage multiplier phototube 
“RCA-931-A” which is capable of amplify- 
ing signals up to 200,000 times and more. 
This sensitivity is made possible by second- 
ary emission: cathode electrons are im- 
pelled against nine successive dynodes before 
they reach the plate, electron current being 
multiplied by release of secondary electrons 
at each dynode. Operated at 100 volts per 
stage, “931-A” has a sensitivity of 2 am- 
peres per lumen (more than three times 
that of “RCA-931”" which it supersedes). Be- 
cause it does not need the high-gain ampli- 
fier stages required with conventional photo- 
tubes, external sources of electrical noise, 
such as ares produced by grid leaks, are 
eliminated, and a favorable signal-to-noise 
ratio can be attained for extremely low 
light levels. A typical application of ‘‘931-A” 
is in quantitative spectrographic analysis, 
the tube and its associated circuits being 
substituted for the photographic plate com- 
monly used in such analyses. This photo- 
tube method of spectrographic analysis is 
used in vitamin measurements.—Radio Cor- 
poration of America, Camden, N. J. 





Thermometer Bulb Insert 


“Rosan Thermometer Bulb Insert” 
makers of the “Rosan 
Locking System” for threaded inserts and 
studs in all materials. It is said to be 
adaptable to both old and new type ther- 
mometer bulbs. Reason for its introduction 
is that difficulty is encountered by airplane 
manufacturers (and others) when installing 
thermometer bulbs in soft metals, by reason 
of stripped threads. When this happens, tube 
section must be replaced or, in a casting, 
flange must be removed and another welded 
in its place. ‘“‘Ros4n Thermometer Bulb In- 
sert” is made of steel and inserted in soft 
metals. This prevents usual crossing of 
threads in soft material of bulb receptacle. 
If insert is damaged, it can be easily re- 
placed in such installations without remov- 
ing plumbing or tank, and without using 


New 
is announced by 


oversize replacements which involve _ re- 
drilling and retapping operations. Insert 
operates on the same principle as other 


applications of Rosdn locking system. Ser- 
rated collar at head of insert engages its 
teeth with inner teeth of locking ring which 
is serrated both inside and out. Outer teeth 
or splines of locking ring broach their way 
into the parent material at the wall of a 


COPROX 


RECTIFIERS 











“Coprox” Model CX-1C2B1, a center 
tap, full wave rectifier. Completely en- 
closed in Bakelite. Low capacitance. Rec- 
tifies high frequency current. Conserva- 
tively rated up to 4.5 volts A.C., 3.0 volts 

’., 500 microamperes D.C. Other 
models and capacities to meet all needs. 





BRADLEY 


LABORATORIES, INC. 


82 Meadow Street 


New Haven !0. Conn 
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WEIGHT: 
ty) POUNDS 


SURFACE 
PLATES? 


WRITE for completely de- 
scriptive folder about the 
new Cadillac Glass Surface 
Plate. Available in sizes from 
8x8” to 18x24” and in accu- 
racies from .0002 to .0005. 
Prices range from $11 to 
$90. Is packed in an indi- 
vidual box, the top of which 
forms a protecting cover. 


CADILLAC 


GLASS COMPANY 


902 West Cermak Road 


“CHICAGO 8, ILLINOIS 
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COMPACT: 
4 IN HIGH 
2%) IN DEEP 
2%) IN WIDE 


RSEY 
potaor co 





/ Sturtevant / 
[QUA LITY/ 


Why be Satisfied with LESS 
than Sturtevant Quality? 


In any operation requiring the ac- 
curate control of torque on vital 





nuts, screws, bolts, hydraulic fittings | 


—of all threaded parts—have the 
advantages of Sturtevant permanent- 
ly accurate Torque Wrenches. 
1. Clear faced dials—readable 
from any working angle. 
2. Permanent accuracy—Longer 
Life 
3. No friction, adjustments, mov- 
ing parts or fragile mechanisms. 
- Practically indestructible. 
. Sturtevant pioneered design and 
quality throughout. 


Because Sturtevant 
Torque Wrenches 
are PERMANENTLY 
accurate, the vast 
majority of torque 
wrench users stand- 
ardize on “STUR- 
TEVANT". 


Over 50 mod- | 
els andf 
types from 
FRICTION 
Awisrit ieee 40 |6oinch 
Pit iadtitee ounces to 
FRAGILE 7200 Inch 
MECHANISMS pounds. 


ADDISON [QUALITY] 11 L/NOIS 


counterbore when struck 
or a drive tool. This mak: 
stud an integral part of th. 
rial. When necessary, by 
operation, insert may be 
placement without damage { 
ing material. Broaching sp! 
ring are so finished, it is 
leave no sharp edges or dist 
rial which might be possibk 
ure in service.—Bardwell 
911 North Orange Drive, 
Calif. 


f locks 
that th 
n of mati 
nts of f; 
Ster, I 
iu 00d 


Portable Circuit Testers 
Two new portable multip! 1ge teste 
are announced: (1) “RCP M 422 Sune 
tester” is said to be equivalent to 27 jn 
vidual instruments in one pact 
“with very low and very 
Features: Current measurer 
a.c. and d.c. up to 25 amps; 
urements in both a.c. and d 


| volts; High voltage not appli 


switch nor to general test cir< 
indicator with movement of : 


eee 


or 5,000 ohms-per-volt sensiti 
voltage measurement. Resistancs 
ments up to 10 megohms. Batt 
able without a soldering iron. § 
plete with batteries in 6% 
wood case with strap. 

(2) New “RCP Pock- 


| et Multitester Model 


420” is said to pro- 
vide accuracy of 
measurement com- 
parable to that found 
in larger RCP mod- 


| els although it is 
| only 634" 4 314” x 


8” and weighs only 
25 oz. Indicator 


| movement guaran- j u “ 


teed accurate within nl as 4 NAN 
2%. Voltage multi- = hm 
pliers are metallized : a ‘| 
matched pair resis- 
tors having a toler- 

ance of 1%. Basic instrument is 
croamperes. Decibe. meter, out] 
milliammeter and ohmmeter pro\ 
of 23 ranges. A-c. and d-c. voltmett 
5,000 volts at 1,000 ohms-per-volt 
This Multitester is supplied in | 
hardwood case complete with 
ready to operate.—Radio City P 
127 West 26th St., New York 


1 400 mi 


Enclosure for Aircraft C 


Devices 

New standard dust-tight er 
housing combinations of aircraft 
vices accommodates various G 
control relays and contactors w 
up to and including the G-E 10 
craft contactor. It is completely 
made of aluminum, with cast alu: 
frames. Self-locking latch permit 
of cover of enclosure in a vertical 
without disconnecting wires or us 
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Products Co4 


L, Nom 


Control 


huminum eng 
nits remova 
cal direction 


us‘ f tools 


Btellite 


ng complete inspection. This 
s a provision for wire-locking 

In addition, end plates are 
various sizes ‘““AN”’ connectors 
terminal posts. Enclosure is available in 
srious lengths up to 19” over all.—Indus- 
‘al Control Div., General Electric Co., 
NN; 


us facilit 
tch also 
e enclos 


daptable i 


chenectad 





Decade Box 
lel 5A’ decade box provides a 
> ¢ sistances from 1 ohm to 111,110 
ms in steps of one ohm. Each decade is 
U 


hms 
justed to an accuracy of 0.1%. All re- 


stors are non-inductively wound. Tempera- 
re coefficient of wire is +0.0002 between 
“°C, and 100°C. Wattage rating is 1 watt 
r decade (for short periods, permissible 
issipation is 2 watts). Terminal. binding 
ots are heavy-duty type accommodating 
fo. 10 wire. Panel is Bakelite, engraved 
by what is said to be a new cut-in process, 
abinet is hand-rubbed oak. Dimensions 
814" KX 6146” K3%”.—Superior Instruments 


0., 227 Fulton St., New York 7, N. Y. 





Stellite Alloy Gages 


New plug and thread gages are made 
rom the hardest, most wear-resistant grade 
f Stellite alloy: from dense castings of a 
ew cobalt-chromium-tungsten alloy. Ac- 
ording to maker’s engineers, these gages 
e setting new on-the-job records for wear 
sistance and accuracy (5 to 15 times life 
steel gages) and are showing additional 
dvantages resulting from other character- 
ies of this hard stainless metal: (1) Co- 
ficient of friction of Stellite on steel, as 
easured by the angle of repose method, is 
11 to 0.13; chrome plate on steel is 0.15 
00.18; steel on steel is 0.30 to 0.40. These 
alues are relative but they indicate that 
has the advantage of more free 
ction. (2) Stellite has an oily or velvety 
eel; it has a low affinity for other mate- 
ials, does not readily seize or bind. (3) 
oncerning resistance to shock and impact, 
tellite generally has ample tensile and 














This man at the bench is not a Hero with medals, and no 
glory awaits him when his job is done. Unseen and un- 
sung, he is on the job every day, working with hot glass, 
behind a fierce flame, with delicate fingers and skill, build- 
ing one of the finest thermometers for his country's needs. 


In your Post War plans, temperature will play a major 
role and you can be certain of ultimate results in your 
manufacturing processes, IF you give serious thought 


NOW to using only GOOD Thermometers. 





PALMER thermometers give you: 
1—Precision and guaranteed accuracy; 
2—Sturdiness and long service; 
3—A bright RED column... so easy to see 
with “‘Red-Reading-Mercury.”’ 


CLIP THIS AD AS A REMINDER 
(CATALOG ON REQUEST) 


THE PALMER COMPANY 


MFRS:—INDUSTRIAL . . . LABORATORY ... DIAL & RECORDING THERMOMETERS 
2511 Norwood Ave., Cincinnati, Norwood, O.—Canadian Plant: King & George Sts., Toronto 





Let the HYPOT foretell the con- 


dition of your electrical equipment. 


* 
KNOW IN 


Wire 


YOUR INSULATION 
CONDITIONS 


with the 
HYPOT 
* 


In quick time you locate and repair 
insulation faults that would break 
down in operation. The HYPOT has 
ample capacity for all testing . . . 
has the exclusive ‘Burn and Test’ 
feature . . . meets all AIEE specs 


. safe, sturdy, compact, easy to 


control. Write Dept. B today! 


kh 
EXRCH otated 


231 SO.GREEN ST. CHICAGO 7,1LL.. U.S.A 


ASSOCIATED RES 
~@® 
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HEAVY DUTY 
POWER UNIT 


This sizeable (11” x 10%” x 
9%” overall) power unit, which 
operates off line voltage, is ideal 
for applications requiring a 
heavy-duty high-torque (350 to 
750 Ib. in.) motor and gear 
reduction with built-in limit 
switches. Common uses in- 
clude: ® Regulation of heavy 
dampers in combustion control 
systems. ® Operation of large 
butterfly valves and blast gates. 
@ Operation of large air and 
gas valves, multiple ratio fuel 
valves, and industrial fuel car- 
buretors. * Write for Bulletin 
F-1912 “Power Units’’, 


BARBER-COLMAN COMPANY 


1202 ROCK ST. e ROCKFORD, ILL. 











For Precise 


S E 2 Temperature Control 
BETTER +. 


WORK “QUICKSET” BIMETAL 
BETTER THERMOREGULATOR 
s 


ee 





Range: —73° to 538°C, 
79 Sensitivity: +0.05°C. for 
: liquids; +0.01°C. for air 
(or better). 


Quickly adjusted to de- 
sired temperature. 


Write for j 
Catalog | 


4 Keep hands 
free 


2%x BINOCULAR 
HEADBAND MAGNIFIER 


With its magnification of 2'1/gx and its 
large, clear field of view, this magnifier 
is invaluable for all who do precision 
work. Binocular vision reveals true 
depth of details. Optically ground 





H 
lenses of prismatic shape prevent eye- D-41 t 
strain. Free working distance, 8” to Hi 
10”, permitting unhindered use of 
poe a me ep ae, without Right: 
iscomfort, an y just lifting your 
head, your eyes are free for any other “METASTATIC” MERCURY 
activity. THERMOREGULATOR 


Eyeglasses may be worn while using. 
Highest optical quality. Eyeshade of 
black .Tenite plastic — practically un- 
breakable. 

Write for leaflet 


care ZEISS inc. 


Dept. H-49-8, 485 Fifth Avenue, New York 17, N. Y. 


Range: —30° to 250°C. 
Sensitivity: +0.02°C. or better. 


Adjustable throughout the entire 
temperature range. 


AMERICAN INSTRUMENT CO. 
Silver Spring, Maryland 
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compressive strength to resist 
der all stresses to which a fat 
subjected. (4) Coefficient of 
close to that of steel and cast 
temperature fluctuations caus; 
racy when gaging parts of ste+ 
(5) Low coefficient of therma! 
makes Stellite less sensitive 
temperature changes than st en 
ing large parts and when for: has 
fluences are present in and ab: ‘a 
operation, such as heat from t} n 
chine and atmosphere. (6) St, 
extremely stable (practically jr n 
not lose size or shape over lor 
time. (7) Stellite alloy is resist 
and acids, including body acids 
rust and does not require sp: 




































or oiling to prevent it. Stellite ; cont 
stored in gage cribs without a ne h 4 
ard. (8) Stellite alloy is vi ly eal 
magnetic. Accordingly it will pick d 
minute particles of steel whic! © exces 


sive wear on both the gage and t 
part. Through close cooperatior inden ce 
signed manufacturer and Hayn« llite Co ee 
development of the casting forn 
into practical blank sizes up to 
ing 11%4” diam. to American G 
Standard. Cylindrical and threa 
to and including %” O.D. are : 
both gage member and shank 
solid Stellite. Gages above %,” um. a 
including 1%4” are bushing type with 
standard tapered steel shank brazed to Ste 
lite bushings. Castings for gag: inks y 
to 14%” are pre-fabricated to blank for 
and then stored preparatory to fi ing, J 
near future, completed standard t! d plug g 
will be carried in stock. Gages of specialon 
design or special lengths will b IrnishedlaM sec 
in Stellite alloy, ground from solid bar offpe f 
with steel shanks brazed to the Stellite, as 
the case may warrant. Cylind 1 an@ic) 
thread plugs over 114” and including 4” q 
AGS trilock design will be made t rder 
blanks for these sizes at present are nd 
carried in stock, These gages wi mad y. 
of cast Stellite alloy bushings w lun ° 
num insert. (This design has advantage o 
lighter weight than steel.) Plain ring gage 

are being considered ; will probab! madé 
of a cast Stellite alloy bushing with 2 
outer casing of aluminum. Th: ring 
gages are also being made but di: mer 
is still going on.—N. A. Wood 
Ferndale, Mich. 


Hydraulic Test Machines 


New line of hydraulic test 
which inspect all types of product 
draulic devices and components, and which 
fill, filter and check hydraulic syste! 
prises various types and _ sizes, ludin 
stationary and portable models, driven by ¢ 
gasoline or electric motors. Ney M 
HS101” is designed for inspection and of 
erational testing of any single or complet 
line of hydraulic components, ar r re 
search and development testing Mod 
HS100” was developed specifically 
ing airplane hydraulic systems | theit 
components. Models “HS102” and “HSI! 
(the latter illustrated) are both ta 
and are designed for testing air! 
draulic systems on the final ass« 
or on the field.—Greer Hydraulics 
West 60 St., New York 238, N. Y. 
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‘ower-input Controller 


“Inputrols” are designed to 
of power, heat or flow of 
es to any process equipment. 
red in automatic and manually 





IN PRODUCTION and IN 
RESEARCH, wherever com- 
Basic elements of the instru- pies green) 2 ee 
1 mercury switch mounted on a Ww, ks! ‘sion i stntiiele 
rotating horizontal cylindrical exsier prec ton in s 
n by a small synchronous motor, are definitely needed! 
il on which the mercury switch Dial Indicating types hove 
mounted, In automatic model, easy-to-read 4!/”, 6” or 81/2” 
sed with a pyrometer, spiral is ed alae wail a 
tomatically to position mercury dial, in latest phenol con- 
riage at proper point along ro- densate case, and are mer- 





























In manual model, spiral is set cury, vapor or gas actuated. 
input point desired by equip- . . . 
itor. “Inputrol’ scale is illumi- Indicating and Recording 
in terms of percent of maximum types have 10” or 12” chart, 
1 ts pointer is at 60, for example, and are mercury, vapor or 
ard thread plugililinstru t's mercury switch will be in its gas actuated. 
ages of specic N position 60 percent of the time, or 36 4 nye 
ill be fvrnishelilf seconds of each minute. “Inputrols’” may Industrial types have "V 
m sol é e flush or surface mounted.—Wheelco In- shape bronze case, remov- 
the Stellite, aff struments Co., Harrison and Peoria Sts., able glass front, red reading 
sylindrical an chicago 7, Illinois. or yellow back mercury tube, 
so g it and with any desired stem. 
resent re n Moisture-proof Time Delay Relay Glass Precision Thermometers, 
he e ma New “Type Bae" Wi bald te be hake Hydrometers, Psychrometers 
ante tr simple and compact time delay a and Hygrometers are made 
lain rine eacog™ lay for surface mounting, that automati- - in various scales and ranges, 
ybably dq c2lly resets on power failures. It has a spe- % be for many definite duties. 
shing : Send for interesting 
Thr t ae ae , s new folder No. G 20. 
“a de opm = Jee ‘ae Weksler Thermometer Corp. 
5 laut 2. 5 . 52-56 W. Houston St., 
oe New York 12, N. Y. 
‘achines 
test machine 
yroduct y 
its, and which 
systems, con 
zes, including 
els, driven by 
New “Model 
ction 0 
e or completa cial overtravel mechanism which delays 
, and forr complete recycling in case of momentary 
sting i Power interruptions. Further, it has a mois- 
sally for testi ture-proof surface type mounting case. It 
ns heim is used for controlling the closing of plate 
and “HS105"§ circuits as in radio transmitters or rectifiers. 
oth rtableg —The R. W. Cramer Company, Inc., Center- 
airplane hy brook, Conn. 
asse ne - 


lics Cy 08 . . . 
ry. Adjustable-magnification 


¥ i i x lites Sa sak a» se - EES... a _— = aa are —~ 
Comparators i — | DON /, CUE: SS. ad | T R PM 

New line of “DoALL” comparators is SS 2 a oils mae oe a a aa 4; 
said to be complete. Basic feature of each alee ' 


comparator is wide range of magnification, : , F 
said to enable one comparator to do the d With a MODEL J 


work which formerly required as many as ; ‘ es 1 
four: each has four magnification ranges. 3 vy M A N D TA - i 0 he E T FE F 
Thus, a workpiece may be checked to de- an ey * oe} 

termine size variations of one millionth = eo 300-—— 1200 RPM 
inch l, on the same comparator, a work- ; a oa Triple Range: 1000—- 4000 RPM 
piece can be checked to determine size vari- , 3000—12000 RPM 
ations of four thousandths of an_ inch. 
Amon: other features: For measuring thick Rugged © Reliable * Continuously Indicating Type 
or thin sections, as well as for hard and ; A WRITE FOR BULLETIN #760 


soft iterials, spindle pressure is readily 


adjusted by a calibrated dial located at top : 
of comparator, Spindle movement is magni- > Be HERMAN H. o 
fled « ctrically. There are no moving parts Se ' Pe 
Which could cause spindle to stick or bind. 
COMPANY, INC. 


Spin head is provided with an adjusting 
coll for raising spindle to accommodate , 27 PARK PLACE NEW YORK,N, Y. 
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Drake Assemblies are widely 
known for their unfailing de- 
pendability. However severely 
they may be used, these fine 
Pilot Light Assemblies keep on 
giving economical trouble-free 
service. For, quality is inherent 
in every detail of their design 
and precision manufacture. 
DRAKE’S patented features, de- 
veloped by our research engi- 
neers, also add greatly to the 





STURDILY BUILT FOR DEPENDABLE PERFORMANCE 





efficiency, economy and depend- 
able performance of these As- 
semblies. Currently, vital indus- 
tries can get deliveries of custom 
assemblies within 3 weeks if no 
special blanking dies are needed. 
Every conceivable type of Dial 
Light is available . . . all meas- 
uring up to the same high 
DRAKE standards. Please refer 
to new catalog for details about 
our complete line. 














Type No. 50 
Pat. No. 2220516 


PILOT LIGHT ASSEMBLIES 


DRAKE MANUFACTURING CO. 


1713 WEST HUBBARD. ST., CHICAGO: 22; U3. Ai 





PRODUCTS 
WANTED 


New Products with good 
prospect for the post war 
market wanted by well 
established East Coast 
manufacturer. Full facili- 
ties for development work 
available. 



















™ All replies must be 

sent by mail to be 
considered and will 
be held in strictest 
confidence. 


| B. H. LUERSSEN 


22% LAFAYETTE STREET 
NEW YORK 12, WN. Y. 


































MOISTURE CONTENT 


of lumber checked in 
THREE SECONDS 


At the press of a button, Mois- 
ture Register detects and meas- 
ures moisture by the use of 
electronics. 


Calibrated with a direct per- 
centage reading dial, with e 
range from zero to 25 per cent. 
Completely portable and self- 
contained. Anyone can oper- 
ate it. 


Write Dept. | today for complete information. 


MOISTURE REGISTER CO. 


133 N. GARFIELD AVENUE, ALHAMBRA, CALIF. 

























the work and is also provided wit 
line adjustment knob for setting 
pointer on comparator dial. G 
swivels 360° in horizontal and 


planes, making it a simple matter t 


irregularly-shaped parts or multi; 
tures, Protractor shows angle to w 
head is tilted. Gage head can be 
from stand and used on a surf 
machine tool, multiple-gaging fixtu 
any other special application. Bri 
base provides housing for calib 
30th work anvil and calibrated di 


equal distance from operator’s ey: 


tating operation and greatly redu 
ble human error. Differential elect: 
minimizes 
changes and drifts due to line volt 


tuations. Three models of new com; 


are offered, each having four 

magnification: ‘“Model 10,” having 
fication range of 100,000: 
and 5,000, will measure variation 
to four hundred 
has magnifications of 10,000; 5,0 
and 500. ‘Model 30” has magnifi 
2,000; 1,000; 200 and 100. All 

Comparators operate on 110-volt 
a.c. and are protected so that 

plugging into d-c. outlet will not 
comparator. — Continental Mac!) 

1801 Washington Ave, South, M 
4, Minn. 


50.01 


Electrical Tachometer 


New electrical Tachometer is c! 
be “for every speed measuring requ 
Generator is of simplified desigr 
equipped with special sealed ball 
and a permanent-magnet rotor, 
for long trouble-free cperation, Ni 
commutators or gears are used. 
scale may be graduated in r.p.n 
f.p.m., g.p.m., ete. Guaranteed ac 
0.5% of full-scale. Each tachomete1 
and calibrated before shipment. Di! 





























expansion due to ten 


microinches. “M 
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50,000 r.p.m. are possible. 
d is designed as a portable 
ent. Generator has plastic 
it easy hand hold. Four rub- 
»vided so that speeds of “any 
, shaft n be determined. Complete 
t—gen’ r, indicator, electric cord, 
supplied in a handy carrying 


essories 


Man turer guarantees tachometer 
10 yea R. B. Brigham Co., 827 16th 
, Toledo, hio. 


Vernier Caliper 

caliper is designed to meet 
gent W ne manufacturing conditions. 
¥ outside diameter, inside diameter, 
epth gage is an integral part 


New ve! 


reads 
bd depth 


INSIDE DIAMETER 


Twn, MARDEN MEASURING JAWS 

GROUND JAW = £ f—~ GROUND To FORM 

MAKING AC —— SINGLE POINT WHEN 
W b CALIPER IS CLOSED 


WITNESS POINT EN~ 
GRAVED ON SLIDE 














hair 
idicatin 
se hea t= 3} 

vertical §3 3 ; CLEAR, 
to check OE ECTION READABLE, ACCURATE 

te ROO wiTM £0 POINT. 

lig fix sean SCA RECTLY FOR 
ich gag =e —__$,* 
e placefamt the new instrument, which is made in 
or fommme size only: 6” between jaws. It has a 


y 17” of graduations, thus making possible 
| full 6” reading. Caliper is constructed of 
vel precision ground, jaws hardened and 
pped. One edge is divided in thirty-sec- 


ire at 


facili4 

> possiqmds, the other in fortieths which read in 
circuitgmousandths in the vernier. In addition to 
raturegmme vernier there is a witness point for 


fluc-qgeading the thirty-second scale, Vernier is 
ijustable to compensate for wear.—Vard 


2961 BEB. Colorado Blwd., Pasadena 8, 


irators 
res ofa. 


} 
alif 





Lens Cleaning Fluid for 
1 Surface-coated Glass 


A New “Opti-kleen” lens cleaning fluid is 
: uid to be the answer to the problem of 
iciently cleaning surface-coated glass. (A 
fflection-reducing process, surface-coating 


yas introduced as a wartime necessity, and 


| be a peacetime “must.”) New fluid was 
uly designed to keep pace with this 
s improvement, Reflection-reducing coat- 


gs may be severely damaged by the use of 

leaning material containing wax, so this 
oubly-effective solution is characterized by 
bsence of all solids, which eliminates possi- 


nt lity of residue from cleaning fluid being 
td eft on surface of glass.—Bell & Howell 
ma », 1801 Larchmont Ave., Chicago, Illinois. 





Glass Cleaning System 


New for cleaning glass-faced 
: nicroscope and inspection lenses, gog- 
les, etc. in industrial plants, includes: (1) 
ermetically sealed ampoules of “Brite-Ize 
neentrate,” each of which when mixed 
‘ith distilled water makes a full gallon of 


System” 
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— used in conjunction with a cathode- 
ray oscilloscope for alignment of radio 
frequency tuned circuits. Particularly 
suitable for production testing, re- 
search and development on i-f ampli- 
fiers — and for many other kinds of 
laboratory and production work. 


Because of the wide variety of uses 
possible, this versatile instrument is a 


GENERAL @ ELECTRIC 


ELECTRONIC MEASURING 





GARCEAU CHRONOGRAPH 


Eleven Recording Channels 
One Timing Channel 


Through an inertialess electrical record- 
ing system, this Garceau Chronograph 
provides means of measuring without 
error the length of time an electric cur- 
rent flows. Tape can be withdrawn manu- 
ally, to allow inspection of recent records, 
with provision for independently actuated 
electrical re-wind of used tape. 
* Tape speed is 20 centimeters per sec- 
ond. Timing channel prints a row of dots 
spaced at 1/60 second intervals. 


ELECTRO-MEDICAL LABORATORY, Inc. 


Holliston, Massachusetts, U. §. A. 
Makers of the Garceau Electroencepbalograpb 


G-E VISUAL ALIGNMENT SIGNAL GENERATOR 







great time-saver where reliable and 
rapid results are desired. 

Other units in the new General 
Electric line of laboratory measuring 
instruments include: G-E power sup- 
plies, wave meters, wide band oscil- 
loscopes, square wave generators. 
Electronics Dept., GENERAL ELECTRIC 
Co., Schenectady, N. Y. 






















164-C8 


INSTRUMENTS 






















MINERALIGHT 
Ultraviolet 
Black Light Lamps 












For Mineralogy and Metaliurgy 
Chemistry and Pharmacy 
Museums and Libraries 


and many other applications in 
Science and Industry 


Great variety of models 
Prices from $24.75 up 
















Write for 16-page 4-color catalog 


PHOTOVOLT CORP. 


95 Madison Ave. New York (6,8. Y. 
















August 1944—I nstruments—Page 519 








KELNOR =< SOLDERING IRONS 


G. U. S$. PAT. 0 




















Many of America’s most important 
firms in Radio, Electronics, 
Communications and Instru- 
ment fields are included 
among KELNOR’S 
SATISFIED 
USERS 


Difficult Places Easy to Solder 


with specially designed ...light but 
strong, welded construction, precision 
built KELNOR! “Barrel” of KELNOR 
3%" long, %'' diameter. 10” overall 
length. Each of three KELNOR mod- 


els...in wattages from 125 down... 


WEIGHS ONLY 8 OUNCES 















MODEL 8, STRAIGHT TYPE TYPE 


PATENTS 
GRANTED & 
APPLIED 
FOR 





MODEL A, ANGLE 













duantages 
o¢ KELNOR « 
INSTRUMENT 
MANUFACTURING 
AND REPAIRING 


Kelnor is the soldering iron every instrument manufacturer, 
craftsman and repairman has wanted for years. 


DELICATE SOLDERING OPERATIONS ... requiring 
utmost precision and steadiest of hands...can be done 
more quickly and efficiently with Kelnor. Weighing qnly 8 vA, \ 
ounces, and perfectly balanced, Kelnor can be used con- Special KELNOR Alloy 


































tinuously without operator fatigue... resulting in consis- Extendable, Corrosive- 
tently accurate soldering. Sturdy welded construction. Resistant Tip 

USUALLY HARD-TO-GET-AT PLACES are easy to runs completely through center of 
reach with the scientifically designed Kelnor Angle Head barrel. Tip can be extended 344" 
and small diameter tip and barrel. Extendable tip reaches to reach out-of-the-way places. 
connections in the deepest assembly with ease, without = ———} 





disturbing surrounding mechanism or burning insulation 














: PENCIL TIP 

. eS (3/16''x 5¥%e"’) for Wire Soldering 
APPROVED BY UNDERWRITERS LABORATORIES <J_-F 5 
Order from your JOBBER. For more facts, prices, write Nat'l PYRAMID TIP 

Sales Agent, Wm. Weston & Co., 550 Page, San Francisco 17 (Ya"'dia. head) for Plate Soldering 




















KELNOR MANUFACTURING COMPANY orrices. CENTRAL TOWER, SAN FRANCISCO 3 





Nationally Known Manalactarer 0+ <yeciise 


pressure measurement equipment and electronic pressure indicators 
and controls will appoint experienced sales representatives in some 
territories. Write giving names of products now handled, qualifications 
and other details. 


REPLIES HELD CONFIDENTIAL 


BOX 91, INSTRUMENTS PUBLISHING CO. 
1117 WOLFENDALE ST., PITTSBURGH 12, PA. 











USED BY AMERICA’S LEADING MANUFACTURERS 


TRU-VAC 


yACUUM GAUGES 
(pirani Type! 


Shown at right is meter box of our No. 6 gauge giving 
accurate, dependable service in all types of operations 
ORDERS ACCEPTED FOR EARLY DELIVERY 


CONTINENTAL ELECTRIC COMPANY 


GENEVA, ILL. 
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“Brite-Ize Lens Cleaner,” 4 
Ize cleaning-station” dispen: 
detergent removes fog, gr: 
splatter instantly; leaves no 
not injure rim plating, lea 
rubber mountings. Its con 
simplifies shipping, handling 
reduces costs: allowing 4 
lenses or can be cleaned at 
of one cent. Dispensers are 
type, “charged” with air, f; 
ard (50-lb.) air line or wit} 
pump. They save the time 
washrooms for soap and wat 
Ize Co., 1218 Pratt Blvd., ( 


Wide-range Oscill 


New “Type 248” oscillogra 
ble moderate-cost instrumer 
lab or production-test purposs 
oscillograph proper and pow: 








ome sll 


when instrument is not in use. | 
ply weighs 80 lIbs.; oscillogra; 
Units each measure 14” x 18” 

This instrument reproduces trans 
current phenomena, also accomm« 


nomena of inconstant repetition rate. 
obliterate 


ing edge of short pulses is not 


Accelerating potential applied to 


ray tube is 4000 volts, great 


permit study of “extremely short” 


with low repetitior rates, usuall 


only with specializea and costly oscil 


ic equipment. Timing markers ar: 
for quantitative or calibration 
Among features are: Wide ban 
axis amplifier usable to 10 Mc. 
flexible time base generator to d 
nals which heretofore required sp¢ 
circuits. Delay network in vertic: 
permitting observation of enti 
of short-duration phenomer 

oscillator for quantitative anulys 
output signal useful for ‘“sy: 
applications. Convenient mechan 


1? 


which permits placing separate p 


ply on floor or shelf beneath 

Storage space for cable and leads 
unit. Design is such that modifi 
standard specs. can be accom! 


special order in the following res! 
driven sweep durations; (2) ma)! 


lator frequencies; (3) trigger p\ 
—Allen B. Du Mont Labs., In 
Ave., Passaic, N. J. 


raph 


nected by a 6-foot plug-in shield: 
facilitate handling and installation 
movable cover protects oscillogra 
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Time Switches 








Relays 


Write 








EAU TOMATIC 


= ELECTRIC=— 
MANUFACTURING CO. 
MANKATO, MINNESOTA 








SCALES, GAUGES, 


| CALCULATORS, 
| CHARTS, DIALS, ETC. 





* ieeerdian to moisture, grease, 
oils, acids, alkalis. 

© Printing guaranteed not to wash 
or rub off. 

@ Non-inflammable, non-corrosive 
plastic. 

@ Printed and laminated vinylite and 
cellulose acetate. 


SAMPLES AND ESTIMATES GLADLY SUPPLIED ON REQUEST 
WRITE DEPARTMENT N.1. 


THE HOPP PRESS, INC. 


= PRINTING — FABRICATING — FORMING 


460 W. 34th STREET, N. Y. C. 


ESTABLISHED 1893 





Flew! 


PERMANENT MAGNETS 


MANUAL 


From many years experience in the pro- 
duction of ALNICO permanent magnets, 
The Arnold Engineering Company has 


prepared an authoritative, 


up-to-date 


manual of valuable information on the 


design, 
the modern permanent magnet 


Contents include such subjects as Magnet 
Materials, Resistance Comparisons, Ph 
Properties, Demagnetization and Energy 


production and application of 


ysical and Magnetic 
Curves, Fabrication, 


Design and Testing. Charts and tables illustrate and explain 


various aspects of the discussion. 


Recent improvements have opened man 


y new fields for per- 


manent magnets.to reduce the cost and improve the efficiency 


of many devices. 


Write today for your’copy on your c 


en eee 


ompany letterhead. 


ee ee 


(THE ARNOLD ENGINEERING COMPANY ” \ 


147 EAST ONTARIO STREET, C 


NC Specialists in the Manufacture of ALNICO PERMANENT MAGNETS / 


HICAGO 11, ILLINOIS 


7 
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PYRO oniicat rnometer 


ELIMINATE WASTE and 
GUESSWORK! 


By using PYRO, a 
self-contained, DI- 
RECT READING, 
sturdy unit made to 
stand rough use. It 
is absolutely accu- 
rate and dependable, 
and quickly pays for 
itself. 

Unique construction 
enables operator to 
rapidly determine 
temperature even on 
minute spots, fast 
moving objects, or 
smallest stream; no 
correction charts, no 
accessories, no main- 
tenance expense. Spe- 
cial “FOUNDRY 
TYPE” and “Univer- 
sal TRIPLE RANGE” 
have, in addition to 
standard calibrated 
range, a red correc- 
tion scale determin- 
ing TRUE SPOUT 
and POURING TEM- 
PERATURES of 
molten iron and steel 
when measured in 
the open. 


Stock ranges 1400° F. to 5000° F. 
Write for Catalog No. 80 
Immediate Delivery for Defense Plants 
THE PYROMETER INSTRUMENT CO, 
Plant & Lab. 

103-107 LAFAYETTE ST., NEW YORK, N. Y. 


In Canada, Sales and Repair Laboratory: 
Dominion Flow Meter Company Limited 
Toronto and Montreal 











WHEATSTONE BRIDGE 


Rubicon Wheatstone and Kelvin Bridges 
are available in a number of types to suit 
various applications. All are made in 
accordance with the highest traditions of 
the instrument maker’s art and are fully 
guaranteed. 


Described in Bulletin 100 which also lists 
National Bureau of Standards and other 
standards of resistance. 


Copies available on request. 


RUBICON COMPANY 


Electrical Instrument Makers 
Ridge Ave. at 35th St. Philadelphia 32, Pa. 
SRA SS ihn manta MORON Sete ERR 
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FLOW METERS 


for 
Dependability - Accuracy - Economy 





NEW improved series meters for all 
flows. Low and High pressure-Inte- 
grating-Recording-Indicating. BOILER 
METERS—DRAFT GAGES—METERS 
FOR SPECIAL APPLICATIONS. 


The installation of a single RING 
BALANCE meter in any plant gener- 
ally results in standardizing exclusively 
on RING BALANCE Instruments. 





POWER—Many times that of con- 
ventional type meters. 
SIMPLICITY — ruggedness, high 
sensitivity, high accuracy. Minimum 
service requirement. 

WIDE RANGE — changing meter 
capacities as easy as changing weights 


on a scale. 


WRITE FOR BULLETIN T44 EXPLAINING 
MANY OTHER EXCLUSIVE FEATURES. 





INSTRUMENT CO. 


CHICAGO, ILL. 


RING BALANCE 


740 N. FRANKLIN ST. 
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Philadelphia 
Merc-to-Merc 
Thermo - Regulators 

Feature 


Mercury to Mercury 
Contacts : Increased 
Contact Capacity : 
Sensitivity within 
0.1 F. Exceptionally Long 
Life and Stability : No 
Arcing : No Oxidation : 
Temperature Lag Re- 
duced : Temperature 
Ranges adjustable to 
700°F. 






Philadelphia Mero-to-Mere 
Temperature Controls and 
Mercury Plunger Relays 


The Philadelphia Thermometer Ge. 
Sixth & Cayuga Sts. -:- —~Philladelphia 
WRITE FOR CATALOGUE 
No. 104. 

Oldest Thermomeier Manufacturer 


in Philadel phia 











HARDNESS. 


done WITH NO MENTAIMpnt: 
HAZARDS. The SCLEROM «wii 
SCOPE has done it for them’ 
past 36 years. — 


Da 


In general use forgmauinm 
specification pur. sa 
poses. Simple; lectric 


sturdy. Compara 





tively inexpensive 
® } , eg t 
witche 
Illustrated sa 
ay ou 
bulletins 1-148 
free. ees 
The Shore Instrument * 
nes. 





& Mig. Co.,Inc. Be" 


9025 Ven Wyck Ave., Jamaica, N.Y. peg 











Manutacturer 
New Literat 


In this department we report new literature pertaining to Instrumentation, received from 1m. 
manufacturers. To assist in the War Effort we urge readers to request ONLY those bulletis-1s 
which will be of value to them. Use the coupon on the facing page. ne 





L-136 Variable Resistors, Bulletin, 
8%” x 11”, 8 pages. Specifications for 
standard and miniature type variable 
resistors. Outline drawings are used to 
illustrate the unit dimensions, and sev- 
eral pages describe numerous’ switch 
combinations which can be supplied with 
most units. Centralab, 900 E. Keefe Ave., 
Milwaukee, Wisc. 

L-137 Boilertrol. Bulletin 515, 8%” x 
11”, 4 pages. A reducing regulator and 
gas fuel regulator for oil field boilers. 
This unit not only controls the fuel sup- 
ply in accord with demands made on the 
boiler, but also acts as a reducing regu- 
lator to maintain a constant fuel pres- 
sure, compensating for the most extreme 
changes in gas supply pressure. It is 
stated that this unit will maintain steam 
pressure within 3 lbs. even under ex- 
treme changes in load. Natural Gas 
Equipment Ine., Petroleum’ Securities 
Bldg., Los Angeles, Calif. 

L-138 R-F Resonance & Coil Winding 
Caleulator. Leaflet, 8%” x 11”, 2 pages. 
Instructions for using the Rapid Cal- 
eculator Stock No. 37-955. Allied Radio 
Corp., 833 W. Jackson Blvd., Chicago 7, 
Ill. 


L-139 Boiler Ratio Meter. | iat 
4071, 8%” x11", 12 pages, scuss L 
“What Constitutes an Ideal Boiler Mi pag 
ter?’ Installation details are a! nelu te 
ed. Cochrane Corp., 17th St. below Allg@fhicag 


gheny Ave., Philadelphia 32, 

L-140 Roll Thread Snap Gages. 1016 
8144” X 11”, 4 pages, illustrate letail 
construction and application « 1g Ages 
for external threads, Vard, Inc., 2961 Jpton 
Colorado St., Pasadena 8, Cal ee 

L-141 Electrical Resistance Inst # a 
ments. Bulletin 431, 8%” X 11’ pag ite 
covers Attenuators and Pote! t 
and gives characteristics and 
tions. Tech Laboratories, 7 L 
Jersey City 7, N. J. 

L-142 Electronic Products. 

12” x 8%”, 24 pages, beautiful 

in color, illustrates plant view 
perex Electronic Products, 79 
ton St., Brooklyn 1, N. Y. 

L-143 Moisture Meter. Bul! ‘®.... 
81%” X 11”, 4 pages describes _ 
electric type moisture meter and : 
operating instructions, C. J. 1 
Mfg. Co.. Park & Nostrand Av‘ 
lyn 6, N. Y. 












144 Pilot Light Assemblies. Catalog, G A E R T N E R 
PRET pages, catalogues a great 
j lot light assemblies for 
ind instrument signaling. 


pie eee MICROMETER SLIDES 


fi 
«9S 
% 7 atie Soldering Iron, Fold- 
ga wir : - pages, describes a new 
} sorineg n having a_ self-contained ws 
| "a a) which automatically with 
) fe, efficient operating tem- 
ap ee point, Sound Equipment 
M ENTA a 39 san Fernando Rd., Glendale M I Cc R Oo s Cc Oo P E or T E L E Ss cS 8) pP EE 
SCLEROME catir 
14¢ Scedbure Equipment. Catalogue | 


>IT Tor them i x 0”, 100 pages, describes and | for precision linear measurements 


é iny instruments and devices 
testil seeds and grains but which wr . ” 
y find plication in the testing of up to 4 reading to 00005 

hoy granular materials. Seedburo 


Neral Use fopfmauipme! ~ soe 
























































Dependability and precision are insured by ex- 


tremely accurate screws and fine craftsmanship. 


L-147 Relays and other te fy 7 Say 
i al Control. Catalogue -D, 

s. Simple, oper 104 pages, describes and il- 
f. Compara strates relays: telephone-type; quick 
* n ting spring contact; slow-operating, 
inexpensive, ow releasing; slow acting; snap-action; 
jick-acting; mercury contact; weighted- 

time delay; vibrating-reed time de- 





When used with the various types of support 
bases available they can be used as small com- 
parators for horizontal linear measurements 
(Fig. 1). 


horizontal 
measurements 





& ring : m : 
electric interlocking; as well as : 3 

ches, keys, jacks, plugs, solenoids, The microscope mounted parallel to the slide 

ustrated L. Automatic Electric Co., 1033 West permits depth measurements and micrometer 





n Buren St., Chicago, Ill. 


focusing (Fig. 2). 


ulletins L-148 General Radio Experimenter. | 
free. he June-July issue illustrates a num- | 
ep of instruments for “Meeting the 
rartime Demand.” General Radio Co., 

) State St., Cambridge 39, Mass. | 

rume L-149 Measuring Flow Through Tur- 
at ines. Bulletin 470. S164" X< Ii". 6 pages, depth 
Inc escribes operation principle of the MO 

id ta 

maica, N, Y, 


Fig. 1 


micrometer 
focusing 
















measurements 


which indicates, records and to- 
nlizes flow rate measurement of Differ- 
tial Taps in Water Turbine. Taps are 
ed on turbine installations already | 
perating, as well as within new con- | 
ructions. Simplex Valve & Meter Co., | 
kth & Upland St., Philadelphia 42, Pa. 





cite simepeweded \Preetaloan iGeee: | Vertical orientation permits use as a small cathe- 
older, 8146” X 11”, 4 pages, describes an tometer for vertical linear measurements (Fig. 3). 
petierated Ag oo see for me | Interchangeability of microscope objectives and eye- 
mn diameters. Advantages are isted. | : Cs z 3 : 

etrical Laboratories, Inc., Dept. 35, 417 | pieces permits a wide selection of magnifications. 
etroit St. Ann Arbor, Mich. 





‘ | These instruments are ideal for the variety of 
L-151 Deeade Resistance Box, Leaflet, 






X11”, 1 page, illustrates a decade | applications required in testing and inspection vertical 
‘ which provides a choice of resist- | departments, laboratories and shops. measurements 
from 1 ohm to 111,110 ohms in | 
: | Fig. 3 
of 1 ohm. Superior Instruments Co., | 
Fulton St., New York 7, N. Y. | 
Ried tea... as Send for Catalog M-138 
L-152 Frequeney Meters. Bulletin VF- | 
those bullet , 8146” 11”, 1 page, illustrates a | Phae 


of miniature vibrating-reed fre- 


GAERTNER SCIENTIFIC CORP. 








lency meters. J-B-T Instruments, Inc., 
r, Publicatiqf#fl Chapel St., New Haven 8, Conn. . 2 
eS, CISCUSSM L-153 Tachometers. Folder, 84%” x 11”, | 1211 Wrightwood Avenue, Chicago 14, U.S.A, 
il Boiler MMM pages, illustrates several portable elec- 
e also inclu@™ic tachometers for speed measurements. 
. below All@fhicago Electric Tachometer Co., 800 N. 
2 P irk St., Chicago, ‘Tl, 








L-154 Specialty Transformers for Air- TO PREVENT WASTE AND AID THE WAR EFFORT 

aft. Bulletin GEA-4238, 8” xX 10%”, 26 (1) Request ONLY the literature that will aid you in your war work. 

ages, covers transformers for the oper- | (2) Paste the coupon on a government postal card addressed to Instruments, 

ton of gyro instruments, instruments | taking care to make all four edges stick. 

nd ac ssories, fluorescent lighting, air- PTTITITITiTi lili illite 
ince Inst = tater. ante. General Electric Instruments, 1117 Wolfendale St., Pittsburgh 12, Pa. (Aug. 1944) 
11”. 4 paca SChenectady, N. 2 


Please have the following catalogs, etc., reviewed in this issue sent to me. 








tentiometeg L-155 Vibration Fatigue Testing Ma- 

fel. specidae FCuaan, Sal? x 1S, AO AN » FUUMINIIURS 5 onic cnc cceheacswdiaenecsenesse tees a ORE Or s UREE esc scescas 

Li In States two testers: Model 10 HA produces , : . : 
bration horizontally in simple harmonic I also desire further information concerning the following new products described in 

‘ts. Book Model 10 VA produces vibration this month’s “New Instruments” Department..................02 02 cece eee eees a 

Qul print O All American Tool & Mfg. 

{ l Fullerton Ave., Chicago 14, Ill «sw ee eee ec reece eee e eres e cece nen eee reer nese eee rarseseesesesessssseesssseesanes 

ie ° ® ° ° ° ° e : e e 

ae edie “neue Geta poetics I also desire further information concerning the following products advertised in 
1-B, 8%" ¢ 11%. € pages, describes a this issue (Write page number and name of company)................50.eeeeeeee 

ulletin 1:4g™itact pyrometer for surface tempera- ER ess Ng ost COR RAEN S Geen apa Cars e Pom Cans an eave he cacd oaaeen ecw wt 

St w dares which will give temperature read- » 

and lu MES ¢ flat or curved, moving or sta- Company TEC EE CULT RELL CRATE a a AE ee ene ere 

Togliabagmonary surfaces, Illinois Testing Labora- , 
; ri . ge aay ig : TTR ee GS SE Ee eee a SO ee 





-ves., Br les, Inc., 420 N, La Salle St., Chicago 


re ee 
















Vital bearings for a Mark XIV Gyro Compass 
being inspected with a Spencer Stereoscopic 
Microscope. 


A Ship— 
A Compass— 


A Microscope 
A bridge of Amer- 


ican merchant ships 


is carrying tens of 
thousands of tons of 





fighting supplies to 
our allies and our own armed forces 
in every quarter of the globe. 


Indispensable to navigation on many | 
of these ships is the famous Sperry 
Mark XIV Gyro Compass. On hazard- 
ous voyages, blacked out and unable 
to use radio, ships are guided on their 
course by this precise instrument. 


To inspect certain parts during manu- 
facture, Sperry uses Spencer Stereoscop- 
ic microscopes. Their depth of focus, 
large object field and high resolution of 
fine detail enable inspectors to see 
greatly magnified images of parts with 
hair line sharpness and with stereo- 
scopic, three-dimensional clarity. 





Spencer LENS COMPANY 
BUFFALO, NEW YORK 


SCIENTIFIC INSTRUMENT DIVISION OF 
AMERICAN OPTICAL COMPANY 
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| Acro Electric Company 





etc. 


{10 Potter St. 


New York, N. Y. 


REMINGTON ARMS CO. 


CHRONOSCOPE 





Measures Time Intervals 
1 to 200 Milliseconds 
1°/, Accuracy 
Inquiries Invited 


Dynamometers, wattmeters, milliam- 
meters and voltmeters. Also ultra- 
sensitive meters both for A.C. & 
D.C., fluxmeters, electrostatic volt- 
meters from full scale 120 volts to 
over 20,000 volts, thermocouples, 
earth current meters, cable testers, 


Special Apparatus Built to Order 


RAWSON ELECTRICAL 


INSTRUMENT COMPANY 
Cambridge, Mass. 


Chicago, Ill. 











Amtho 





Operation Speed 
Recorder 12... 


Built for severe service 
report 10, 12 or more years of 
trouble-free life. Powerfu! cep. 
trifugal speed- measuring ele. 
ment stays calibrated. Non-spill 
reservoir pen. Special! 
paper. Rugged clock movement, 
Ideal for analysis of new War 
Effort jobs. 


Immediate and 
attention will be given to 
your inquiries on all indus- 


Chart 


Users 


chart 


intelligent 


trial speed measurement 
problems. Drop us a line 
today. 


Amthor Testing Instrument Co., ine, 
49a Van Sinderen Ave. 


Brooklyn, N. Y. 
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